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ADVERTISEMENT. 



ThB following pages present an Outline of the dif- 
ferent Courses of Lectures which I have delivered in 
the Royal Institution upon the subject of Greology : 
they are intended to convey to the uninitiated an 
idea of the object and uses of that department of 
science, and to draw his attention to the various 
collateral branches of natural knowledge connected 
with, or emanating from, geological studies. I have, 
therefore^ avoided all unnecessary introduction of 
technical terms ; and, in adverting to controversial 
and theoretic points, have almost exclusively limited 
myself to brief notices, or mere references to autho- 
rities. 



* 



May, 1829. 



CONTENTS. 



SECTION I. 

Page 
Preliminary Remarks— Objects of Geology — ^Early Theorists— 

Burnet, Woodward, Leibnitz, Wbiston, Mitchell, Whitehurst, 

Bnfibn, Pallas, Kirwan, De Luc, Lehman.—* Neptunists and 

Plutonists — ^Wemerians and Huttonians — Uses of Gteology — 

Arrangement '' . , , .1 

SECTION II. 

Modem Geology — Substances of which Rocks are composed- 
Silica — Lime — Alumina— Magnesia — Succession of Strata-. 
Superior, supermedial, medial, submedial, and inferior Rocks 
— Superficial Appearances of the Earth— Valleys . . .32 

SECTION III. 

Organic Remains peculiar to the Superior Strata — ^Alternation of 
Fresh Water and Marine Shells— Parallel Roads of Lochaber 
— Beds of Gravel — Evidences of the Deluge — Caverns con- 
taining the Remains of Quadrupeds 54 

SECTION IV. 

Supermedial Rocks—Chalk — Its aspects and varieties — Green- 
sand — Iron-sand— Oolite — ^PortLmd-stone — Lias — Fossils pe- 
culiar to these Strata 79 

SECTION V. 

Red Sandstone— Gypsum— Salt — Coal — Dikes and other pecu- 
liarities of the Coal Strata— Origin of Coal .... 91 



CONTENTS. 



SECTION VI. 



Pafe 



Mountain Limeftove^-J^ead M^aMyijeiH-Crgss Veina-T-ToaJstoue 
■—Aspect of Limestone districts — Old red &iudstone— Grau- 

-Slate — Curvatures and Contortions of Strata .104 



SECTION VII. 

Granite ; its varieties and aspects — Gneiss — Mica-slaAe-^f enite 
-Porphyry — Marble — Serpentine — Quarts Rock — * Granite 
Tors — Decomposing Granite — ^Association of Rocks in Gkntiit 
— Theorieft_Rocks at the Fall of Fyers . . .126 

SECTION VIII. 

7riH[> Rocks-^Basalt — Greenstone — Toadstone — Amygdaloid — ^ 
Pitchstone — Instapces of these Rocks-— Staflh — Giants' Cause* 
way — Isle of Sky — ^Theories of these Rocks . . . .154 

SECTION IX. 

Metallic Veins — Theories cf their Origin— Tlieir Peculiarities- 
Cross Courses, and other Irregularities — Modes cf Working 
and Discovering Veins- 170 

SECTION X. 

' Of the Decomposition and Decay of Rocks— Agencies of Water, 
and of Changes of Temperature— ^Relative Durability of Rocks 
— Sources of Reproduction 191 

SECTION XI. 

Phenomena of Hot Springs, Earthquakes, and Volcanoes — Sub- . 
miarine Explosions — Extinct Volcanoes— Vesuvius Etna- 
Theories— Conclusion 21& 



. •. !• 



* I 



i f I I . . 'II , , . , • , , } 



LIST OF' THE WOOD-CUTS. 



».i ■ 



TBB'F(itdntupiec» i» «^w (^ the BruptioQ of Mount Vesuvius in the 
year'1794;^ iakdn ftom an orig^uia] drawing, done from Nature ^t Pau- 
siHiMfe <&6di Sir WiBiain HainiHon's Cai^fd FHegrsei). 



Hie woodrcut at page 1^ is from a tketeh by Sir H. Davy^ iUuitratiTe 
of the gene^ aspect of the difierent classes of rocks. The rugged and' 
abrupt summits of the primitive mountains are seen in the tiackground, 
skirted by the transition series on the left, and the secondary rocks' on 
the right. 



The head of the Second Section^ psge 32, is a view of the Parallel 
Roads of Lochaber^ from one of the plates annexed to a description of 
^em, by Thomas Lauder Dick, Esq., published in the Ninth Volume 
of the Transactions of the Royal Society of Edinburgh* 



Page 54^ — ^The wood engraving is a copy of the vertical section ot 
the Cavern at Galenreuth in Prancoma, published by Dr. Buckland in 
the Reliquiae Diluvianas. The entrance is from six to tea &et high, 
and is separated by a pillar of stalactite from the larger chambers ; the 
floors are stalagmite, and the great deposit of bones beneath them are 
mixed wi& fragments and gravel. 



Page 66.— The Skeleton of the Siberian Elephant, from BIr. Stoke8*8 
drawing. 



Page 79.— The wood-cut is from one of Mr. Webster's drawings 
engraved in the Second Voliune of the Geological IVansactions. It is 
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ing granite rocks ore for the modt part in a state of rapid decom^ 
position. 



Section XI., page 215. — ^The wood-cut is copied from Capt. Tillard's 
sketch of the appearances that attended the formation of a volcanic 
island, thrown up in the ocean o£P the Island of St. Michael. The 
principal phenomena are adverted to in the text 
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OUTLINES OF GEOLOGY. 




SECTION L 
ttelimioarjr Renurki — Olgeets of Geotog; — Emly Theorists— Bur- 
net, Woodmrd, Labniti, Whiston, MitcheO, Wlutehunt, Buffon, 
Pallas, Kirwan, De Luc, Leiunan. — Neptunists BJid PlutaaiEla — 
WemarianB and Huttooians — Uan of Geology— AirangeiaeDt. 

I SHALL endeavour, in these preliminary Temarks, (o 
give a very brief outline of the origin and progress of 
geological science ; to explain particularly the mode 
of pursuing it which it is proposed, upon the present 
occasion, to recommend ; to show the interest and the 
usefulness of the study in its various applications, 
as illustrating the natural history of our planet ; as 
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unfolding those adjustments of inanimate nature which 
are calculated to display the wisdom of the creation ; 
as leading us to results useful in the arts of life ; and 
as propounding to the inquisitive mind an infinite 
variety of questions and speculations connected with 
the causes of the effects which we now perceive ; with 
the events which they announce as having happened 
at remote and obscure periods of the history of the 
Earth ; and with the various revolutions and changes 
which our globe seems destined to undergo, by the 
continued operation of the powers now active, and 
by that perpetual warfare of the elements to which its 
surface is continually submitted. The bare mention 
of these^ the genuine and legitimate objects of Oeolo* 
gical science, naturally brings to the mind the awful 
and magnificent account of the creation, conveyed to 
us in scriptural history ; and geological writers have 
not unfrequently attempted to combine their specula- 
tions with the announcements of holy writ. Mixing 
up the chronology of Moses and the history of the 
deluge with their own short-sighted speculations, and 
with observations hastily made and imperfeictly rea- 
soned upon, they have presumed, on the one handi 
to verify and illustrate, and on the other, to question 
and controvert. But the arrogance of imperfect 
knowledge is nearly equally prevalent in both ; *' no- 
thing," says Lord Bacon, " is more pernicious than 
to canonize error :" and again, adverting to the blend-* 
ing of natural philosophy with sacred writ, he calls it 
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'^ seeking the dead among the living,'* and justly ob^ 
serves, that ** such vanity is so much the rather to be 
restrained and suppressed, as from the wild mixture 
of divine things with human, arise, not only {anta8ti«> 
cal philosophiesi but heretical religions/^ 

I shall not, therefore, now, or upon any other occa^ 
sions, meddle with the adjustments of these and like 
speculations to the records of Holy Writ. If, in the 
laborious path of experimental investigation, we are oc^ 
casionaUy rewarded with the discovery of some new ad ap- 
tattous of causes and eflbcts, whkh had before escaped 
notice, but which demonstrate how all things on earth 
are made to work together for good, — ^the discovery 
strengthens our faith, and calls forth the best feelings 
of which the human heart is susceptible ; but we must 
not presume to submit the aptitude of Nature's ar- 
rangements to the feeble powers of human decision^ to 
doubt her perfection because our imbecile capacities 
cannot attain its comprehension, or to found our proofs 
of the existence or even of the attributes of the Deity, 
upon the limited, imperfect, or ideal conception of the 
excellence of Nature's works, of which the human un- 
derstanding is capable. 

Far, therefore, from endeavouring to explain or 
controvert the arguments which have thus been by 
some annexed to, and blended with geology, I shall 
altogether omit them, referring such as are interested 
in the legitimate part of the discussion, to the masterly 
work of Mr. Granville Penn, entitled •• A Compara- 

B 2 
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tive Estimate of the Mineral and Mosaical Geologies," 
and I shall almost exclusively confine myadf to the 
detail of those facts which lead to useful oonelustons : 
hypotheses I shall not enki^ upon, beoaus^ they 
rather amuse than instruct; and I .shall/ only J^htLy 
touch upon such ^theories as are renmikelile ^foi; ;tbeir 
notoriety, or important from their GQiinexion iviihs and 
illumination by, the leading facts of our science : but 
upon this subject I propose to explain m^solf j more 
fully in another place. ,' .< 

Geological writers may be divided, iplo tbpsQ' yf\^0 
are purely speculative ; those who. have built (theories 
upon the examination of the structure of the earib's 
surface, or, at least, profess to do so; and'tbose^who, 
discarding speculation, and theory^ have • contented 
themselves with the abstract detail of facts*. t 

Of the former class. Dr. Thomas Burnet % -. who 
must not, as he sometimes has been, be .conj^uod^ 
with the celebrated Bishop of Saliabuiry, with whom 
he was contemporary, stands preTei)QJiiw|;»! Jbis 
writer, in his Sacred Theory of the Earthy wbich/was 
originally published in Latin, b^ween 169Q and 1690, 
and translated into English at the expmas request of 
Charles II. » and which has been. extolled fc^. it»^0;- 
quence and ingenuity by many of the mpst em^q^at 

* The Sacred Theory of the £arth^ containii|g m Account of tl^ 
Original of the Earth, and of all the general changes which il hath al- 
ready undergone^ or is to imdevgo, tiM tlici ednmiiliiiuillKHi-^ edl thing*. 
(8vo.) London, 1726. 
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» 

auAord, has' taken a review of the past changes of the 
gl6be» cintrpdts them with those it is now undergoing, 
and foreti^ ttiose wiildi it is to suffer ; and as the 
name of >Bumet- is oonttniiedly occurring in geological 
hisftary»v!]ti^'i?^iHi> not, I trusty be thought irrelevant, 
briefly «I6 enumerate^ his opinions, ' more especially as 
this is>4ile only iiioe that I shall mention him or bis 
do<;triiies. 

'In the fitBt place> be ransi^cks scriptural and pro- 
fane history, selecting from each- such statements as 
suit his' parfi^uiap object, and endeavours to show that 
the primerd earth, as it arose out of elementary 
chaos, wds of a form and structure different from that 
which it now exhil»ts, and so contrived as to contain 
within itself the materkils necessary to the production 
of an universal deluge. He tells us, that when the 
elemento separated from the original fluid mass, the 
heaviest particles tending to a centre^ constituted a 
nucleus upon which water and air afterwards assumed 
their respective stations. The air, however, was not 
as we now see it, a transparent attenuated medium, 
but it was loaded with exhalations and impurities, 
which it gradually let fall upon the surface of the 
water, and then floated upon the whole in cloudless 
serenity. The deposited matter, constituting a rich 
crust, sent forth its vegetable productions, and soon 
became clothed with uninterrupted verdure; every 
thing was smooth, soft, and regular, and there was, he 
says, an universal spring, for the plane of the ecliptic 
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was coincident with that of the equator« In pvoceM 
of time, however, the green and even surface just de» 
scribed began to saffer from the continuous action of 
the sun's rays, which formed cracks and fissures that 
ultimately extended to the abyss of waters beneath, 
and these being sent forth by elastic vapours expanded 
by heat, soon inundated the superficies ; an universal 
deluge ensued ; and, in the violent shocks and con* 
cussions that attended it, rocks and mountains and all 
the inequalities of the present surface had their origin i 
then the waters gradually subsided into the residuary 
cavities forming the ocean, and partly were absorbed 
into the crevices of the disjointed strata and nucleus | 
vegetation began to re«appear, and the once uninter* 
rupted and uniform surface was now broken up into 
islands and continents, and mountains and valleys. 

Absurd, as from this condensed and unadorned 
sketch, Burnet's narrative must appear, it is told with 
such ingenuity and elegance, and supported with so 
much erudition, as to entitle it to all the merit that 
can belong to a highly elaborate and poetical fiction. 
Addison has eulogised it in Latin verse *, Steele has 
praised it in the '* Spectator," and Warton, in his 
^' Essay on Pope," ranks the author ** with the select 

* Addison's Ode to Burnet is attached to the BnglSsh edition of the 
Sacred Theory above referred to. It is in the ordinary iiilKmie ilylo of 
that period. Hie following stanza is a specimen-* 

Jamque alta coeli mienia corruunt 

£t vestza tandem pagina, proh nefiM 1 

Burnetts, vestra augebit ignesi 

Heu ! socio peritura mundo» 
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few in whom are nnited the great faculties of the 
understandingi^iidgment, imaginatioD, memory/' 

But, althotigh Burnet received and deserved the 
encomiums of the learned^ the praise that he earned is 
rather that of the poet than of the philosopher. Dr. 
Flamstead, adverting to his rich vein of poetical die* 
tion, told him <■ that there went more to the making 
of a world than a well-turned period ;*' and Mr. War- 
ren, Dr. Herbert Crofte, Dr. Beaumont, and Dr. Keill * 
of Oxford, each refuted and abused him as a theorist. 
Yet Burnet's work continued to be read, not for its 
philosophic truths or theoretic consistency, but for its 
splendid imagery, noble sentiments, and sublime con- 
ceptions. The following passage has been highly ad- 
mired ; it is a funeral oration over the globe : '^ Let 
us now,'' says he, "reflect on the transient glory of 
the earth ; how, by the force of one element breaking 
loose on the rest, all the beauties of nature, each 
work of art, and every labour of man, are reduced, to 
nothing ; all that once seemed admirable^ is now ob- 
literated ; all that was great and magnificent has van-* 
ished ; and another form and face of things, plain^ 

* An Examination of Dr. Burnet's Theory, &e., by J. Keill, A.M. of 
Baliol Coll. Oxon. Second Edition, 1734, 8vo. " He (Burnet) begins 
his discourse with the saying of an old heathen, that philosophy is the 
greatest gift that ever God bestowed on man ; but it is plain to any 
who will be at the pains to read his book, thai God has thought fit to 
bestow but very little of that great gift upon him, and that the world 
may not say this is ill natuie, I will give them a taste of his philoso- 
phy," &c. 

This is the general style of the " Examination." 
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especially Minerals ^ tts also of the Sea^ Rivers, and 
Springs. With vin account of the Universal Deluge* 
and of the Effects it had upob the Earth." This 
essays which is scarcely so much known as it deservesi 
excited a good deal of bustle amongst the philoso* 
phers of the period ih which it was written ; it was 
attack^, canvassed,' eseamined, and defended, and 
called forth all those ephemeral answers, replies, and 
rejoinders, wbidi flutter about controversy. Woodward 
did not confifie himself to geology, he attracted some 
notice as a physician, and more as an antiquary : in 
his last will he founded a lactureship in the University 
of Cambridge ; he died in 1728. 

When we consider the untoward circumstances of 
Dr. Woodward^s education, and the obstacles that in 
early life were opposed to the natural bent of his 
genius or inclination, we must allow him no small 
merit in encountering and overcoming them. At the 
same time^ his life and writings are a good deal sullied 
by peevish jealousy and visionary enthusiasm. He 
is ridiculed by Pope, under the name of Vadius, in his 
Morcd Essays ; and again in several parts of the Me^ 
moirs of Scriblerus, where an ancient shield, which 
the Doctor possessed, becomes the chief subject of the 
poet's merriment* 

Among the correspondents and opponents of Wood* 
ward, we meet with several authors whose works are 
tiever read, and whose names ^are &Iling fast into 
entire oblivion ; there woe olliera^of iaipre celebrated 
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memoiy, and among them Leibnitz, who, towards the 
end of the 17th century^ pablished his ProtogtBa^ in 
which there is little more than crude and improbable 
specolations relating to the agency of fire upon a sup* 
posed chaotic mass* He conceives the earth to have 
been in a state of combustion for many ages, and at 
length to have gone out for want of fuel. A glassy 
crust was thus formed, which gave rise to sand and 
gravel ; other hinds of earth resulted from^sand and 
salt ; and as the globe oooledi the water which had 
before been kept in the state of steam assumed 
fluidity, and failing to the earth* produced the ocean* 
Nor are the geological opinions of Whiston, well 
known as having elicited the libellous witticism of 
Swift, deserving of more attention, though his work* 
published in 1696, entitled <« A New Theory of the 
Earth, wherein the Creation of die World in Six 
Days, the Universal Deluge, and the General Confla* 
gration, as laid down in the Holy Scriptures, are shown 
to be perfectly agreeable to Reason and to Philoso- 
phy," gained him great notoriety. 

It would, however^ be an injustice to Whistdn, were 
I to pass him by without quoting Locke's eulogium of 
his '' Theory of the Earth i^' who says, in a letter to Mr* 
Molyneux, bearing date Feb. 22, 1696 :<-^'^ I have not 
heard any one of my acquaintance speak of it but with 
great commendations, and, as I thinks it deserves : 
and, truly it is more to beadmirM thai he has laid 
down^i ai^ hypQthe8isi..^eieby }» \mfkit9B^emA ao 
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greai duilag^ •f- dM^^«4e^ 4itti iimtcwmoR fpf ikaBt 
shook} not' eioilf^' dondk^ nMb> hiKt htji, irbeii dul 
wiiole ipnur eiitii% ii0#>ib^iilL' He-i»oiie of Ihow 
sort of*wril«i%; ttat4'«h|a)/» fiMicyJBlMnrii'itorJSH^ 
esteemed Md encbnra^^d^^ f idn ahM^is i -foi' Mm 
buildets tffid' bring «6meacldilteii't# «Mr iM»ftri||i^ 
or, at least; fkini^ s^tiikigs Cc^oisr tlN>li^/^ -But 
Loctelsj e^MM 11^ BOth a siib{ect is aot 0iitilM4a^ 
Bny e^ffistMV^w&l^t. ! tete penned WhistoA's bodk,' 
withdtit being slitl^ ^'fittdat^ particular meM kr bte 
speddiitibilsVfliM«^itt^&<arttidiiied to aide '«it)i'<liai; 
opponetttS5i iH'fcfttiiiBt^ bA estimate of its value^ > >" >'^< 

About ^tbh Vi^ s'k;^tt(nd fire was resorted ta<^ 
the pnrpose 'of soHitig ^sertain gedogicid < pcoUims, 
by'so' many writeta, &ai it is diffioalt to sajjr to"^vb6m 
the merits if siieh it be/of the i inventiM beloiigd. 
Becher'fli Physioa Svk^errtmea deserves espeidaUy^to 
be consalted in reference to this ^sabject. * -^'^ » *. . 

Towardsthemiddie of thelasteentiiry^gedc^ begtai 
to assume a more regular seienttfic aspect^ andMaiteng 
the earliest inquirers of this period, MildHdl '-and 
Whitehufv1;desef^ 8Omelbingttior04ligan'bai^«iMntion. 
The merits of the (brmemniterlMM^e faeen^veriocAied, 
principally, I pfesnmc;, on acodkinlt'of'&eA title of his 
paper, whidi isinihe !PfcJtds<^frfU(teI}7Vaf£tac£ton« for 
1760, ''On the Cause and Plienomena of Earth* 
quakes,'* a title under which we should not perhaps 
look for geological, and still less, for minute practical 
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infonnation^.' lKte3ttqyehieflyit4q d ifc »?d » i^Ptl^^Eitton 
fiDrteiHgiBipUaijiiiit) iMfe^t)lolf^fiU^#4M)l^i<9A ^- 

1811; : Jhi^vofv iiikeiut)]|8 m^fde^lm tfii^npi^ 
a|qiaBguiOttiofirAj^(rfhitw^ .y(^ )9At iMc^ wiiJogj^^s 
and differauM^j^adv^r^ V^^lfam/i^K^^tik^i i»(94^,di8'- 

ivHIimuc^ .lointttQ ud. pira(ti«^^por»9i<9Wty» thQ< V4 

umvefls«i}«fipIt«lvlion to v^ipte^P^l .^r^tvw iof.d^e 
g^e;: «nd. ingimiouilj lispfctoo^tf^ it in; tW/foUpwHig 
manner.. ** hsp a jmwb^ qi li^y»»:,Q{f |)|9|^!'Jhe 
aii;ts/ ^' i>C afl^eiiil dAflBmntfioJbi^ ))i^fl^ql^ /O^ on 
amNliari;^ jtbe»t bending them upt^^tJ^riijAQ^^^.ni^e 
invlhafiokMIfl, oonceive them toi be jredi^oed ag^ia to a 
Ic^.iluifaoey by a plane «o pas^ng throqgh Ui^ jis 
tpjc^fcoff lal} tb^ pact .that had, been nupod; kt the 
middle now be, again raised alittley and tkia^vQi^be 
aigoadgetteval.vepreamtation of mo3t» irnot.all»lafge 
ti;a^:of mpimtaiaoiia couintriefl^ together ^ith4he 
parjbi H^aoaat, ihiaii^hoi«k t}ie whole vorld.. .iFrom 
thiatfQ9fQatioi»Qf thQ)eaffth it willfollowi thatw&:Ottght 
ta >il9f^t jwith ^ m^P Jwd^. of. eaiths^. stwe$^ ^qd 
9(Hi0iraIaMr»iqprt^|i)gi ai the ^uifiwe ii^ ^ng joacrow 
di^st a^id.lyipg^ parallel to d^e , greatest rise of.. any 
IaW»lid»§ of JWUpjtfkips ;, an^ j^,, in i fac^^ we j 6^^ 
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gkal generalizatbntf and he appUes his theories and 
inquiries with muoh dexterity and success to the.strac*- 
ture of the whole stur&oe of the f^be» as well as to its 
individual parts. 

' Whitehurst is another writer of considerable merit in 
the history of English geology : in early Ufe he passed 
a great part of his time in Derbyshire, a county well 
suited to 'excite and satisfy a mind endowed with the 
desire of penetrating into the formation of rooks, and 
into the origin and history of organic remains. The 
fruit of these investigations he submitted to the world 
in 1778, in his '< Inquiry into the Original State and 
Formation of the Earth"*;" a work which; in its ge^ 
neral outline and particular executioni does no small 
credit to the gei^us and diligence of the author* It 
is true, that much of it is tinctured by that unpropi- 
tious taste for cosmogony, which we have reprobated 
in preceding writers ; but if we look to the practical 
details, we find theiti faithful to nature, and described 
with correct minuteness. To this point I need only 
quote the following passages^ '* The airangement of 
the strata,^' he says, '^ is such, that they invariably 
follow each other as it were in alphabetical order, or as 
a series of numbers. I do not mean to insinuate that 
the strata are alike in all the difiPerent regions of the 

• The works of John Whitehurst, F.R.S. London, 1792. ** It is 
my intention (says Wliitehunl in hii prdkee) to trace appearaneet in 
nature from causes truly existent ; and to inquire after those l&ws by 
which the Creator chose to form the world, not those by which he 
might haye formed it, had he bo pleased.** 



Seel. I.l BUVFON'b HTPOTHVail* 15 

earthy with retpect to ihiokneaa or I{«ality9 for expe<- 
irience shews the contrary ; but that iQ> each particular 
party how much soever they tBaydiffeft; yet. dtey fol*> 
low each other iu a regular succession "i^/^ 

In the writings of MitdidU, and of WhitehutBt» 
then, we begin to discern sometfaipg dike a genuine 
and scientific investigation respecting the stnioture, 
position, and contents, of the strata thetieDvelope our 
globe. But no one has proceeded' to; the fomtong of a 
theory of the earth, witibi the pomp and cirbuioastance 
of Buffon f • It merits intention, not on account of 
its accordance with present appeaxancasv or. aB affiird* 
ing plausible solutions of obsetred phdnomeiui, but 
from the doquence witfi which it is adornedi the esc* 
tent of iulbnnation it displays, and tiie popularity it 
derived from these sources* 

He supposes the planets in general to have been 
struck off from the sun by a comet } that they con- 
sisted of fluid matter, and thence assumed a spherical 
form ; and that by the union of centrifugal and centri** 
petal forces, they are restrained in their present orbits. 
The earth gradually cooled, and the circumambient 
vapours condensed upon its surface, while sulphu* 

* In Ms description of Derbyshire, he mentions the re8embl&n<!e of 
the Toadstone to Lava ; and infers, from its app«pinmee> StfcUalioii, sad 
efifects, that it must have issued from below in an i^^ted state, that it 
must have been projected with gpreat violence amidst the superincum- 
bent Strata, and that their difplaeemeiits and irr^gulatitfes ai« the ooii- 

sequence. 

f Histoire et Th^orie de la Terre et dei £poques de la Naturv. 
4 Vols. 8to. Paris, 1800. 
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womf salioe, aad o&er matters peaetMted its ciiickft 
and fissures, ami formed veins of>i]aetaUlc and mineral 
ppodttGts. The scorified or piuiiioe>Kii» sarface of the 
earth J acted upon by water, prodlused clay/mod^ and 
loose soils, and the atinoqihere was bonstitated' of 
sttbdle efilnvis floating above all the more ponderous 
mnterials. Then the son and winds, and tides, and 
-the earth's motion, aadolhier'oaases, bec^toe effective 
in producing new changes. The waters were much 
elevated in the equatorial regions, and mud, gravel, 
and fragments were transported thither from the poles : 
hence, says Bu£Ebn, the ht^est mountains lie between 
the tropics, the lowest towards the poles'; and hence 
the infinity of islands which stud the Epical seas. 
The ^be's smface, once even and yeguhir, became 
now rough and irr^ular ; excavatioas were foiined in^ 
one part, andltod was elevated in another; and daring 
a period of ageSf the ftagments of the criginal^ma-^ 
terials, the shells of various fidi, and different other 
exuviae, were ground op by the ocean, aiid produced 
calcareous strata, and other lowland depositions.' 
These reUcs of marine animals we find at such 
heists above the present level of the sea, as to render 
it more than probable that the ocean once entirely 
o ve r wh elmed the earth. 

Of such phenomena Buffi>n tadces' particular arid ' 
extended notice, mid draws from them a series of ' 
curious and minute condnsiops | not however satis^ ^ 
factory or logicsJ, inasmuch as many of the dala they' 
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are founded, Mfo^ are iEBiiginarr,^ p^ti real? C%Vi»y 
one who^AOwccyitW^pl^^^Ae^c^J^'Ssfui^^ 
traceupen it^qBtttktol.t^arn^ di^ uospK^iig 

revolutions, ivhicb» fcooi t)ie,|^^e9ent.oi!d^rof:thiA§^ 
it appeui^ ioi^possible^sbouk} iifihQQQui!^^ /by.;^ 

united «nd..OQiitinteils^; i^jei^M^y of . t^^.iMIlt acti^^ 
powers orde^ucti<Mi. Thisi ^aya.Bufiiftii arose Jj^^p 
the soft jstate of the former cr»&t;of t^§ ,fBfrthi^.ai;i4 
those cai|9es^ .now imbecile and , ^w^c.^r ^PT 
operation, were,ttxea more effectually ,ex^t^, ,^nd 
results werq obtained in- a few yea|:s» tfox which cen?r 
turies would not be inetufficjeot. . ^ .^ .. .;- u' 
This amusing theorist next proems to conten^plat^ 
the pro4uctjk9a of rivers^ >¥hiah 'he rfs^a^ds as haying 
cut their own way to theoc6an» .aa^gifukiaUy'Vejftrijig 
down the mountainous landS|- filUiag up .vaUies, aad 
choaking. tbetir ^ei^ita into the^ ocean by the tmoaipof^m^ 
tion (rf' finely di^ded jBoaterials. Thus every thing is- 
slow^ i^t)|«^g to its former state; the mauuttiino 
will be levjeUed, the vallies heightened^ exea){:atiQiMi 
fiHed up, aad ti»^ oei^an will a^in cover the ^rth. ..!> 
shall not enter into the various ^nfutations. of thesct. 
specttlatixe . iKrt|i^>^ oor dwell ijipon many modiern 
theories to phic^ they have given .ri%e» PsyUias, iUr- 
wan, De Luc^ and others, have animadveri^. upouy 
but can scarcely be sajid to have improved, Bufibn's 
hypothesis; and aa we set out with granting itto be 
the mere fabric of imagination, it would be folly to 
Aub«ftit it to the solemnity of philosophic criticism. 
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Many other theories cS the leor&l pise over ia 
silence, as containing nothmg not fto< be met irith>ii^ 
some of the abeady mentioned > Gotnuogomsta* Tb^ 
authors have sometimes clothed Aoir^ fietiona , in 
new dresses, or presented them under iie«vi£)ttBSi;rbi9t 
if we remove the maski Bamel or BidGba am^instaiUly 
t^cognized. Thus, in pretending to advance! kaisteg^ 
they have rather obstructed it| and have > atcmuiaubiAcd 
hypotheses without enriching scienee. Tbey desflfve 
that censure thrown upon certain writecs by^ Skr. 
Johnson, who calls them the persecutors of students, 
and the thieves of timek Sach> at leasts I have fiinild 
them* 

Rouelle, perhaps, reasoned more correGtly> Bhd 4m* 
criminated with greater judgment j but in thevfoiks 
of this period, one very important fadt smst not be 
overlooked, relating to the distinction insisted upon 
chiefly by Lehman, and some othei" continental 
authors, which may be made bietween rocki^ containing 
organized fossils, and those which are destitute of 
such remains; the former bearings evident tfftcfeiSf 6f 
great revolutions and changes, the latter, appaxen^y 
of an anterior date, and exhibitingno marks* of KttimAl 
or vegetable relics : the former, in the words of iteK* 

man*, owing their formation to partial ^Or'lodltl «^* 

■ I . . ' ' lit 

* Trait^s de Physique, d'Histoire naturelle, de Hinoralogiex ^ 4e 
Metallxirgie. Par J. G. Lehman, et traduits dq l'AU9i9^d..-.P(uri& 
1759. " Les montagnes sont des Elevations de la terre de differentes 
nauteurs, dont quelques-unes sont composces de parties dure?, sqik^^s, 
et pierreuses ; d'autres sont compasses seiileoient d& j|^9ftiei^tea;ei^^$ 
quelques-imes ont Et6 cr^^s en meme terns que la terrCi d*au« 
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dents and derangements ; the latter coeval with the world. 
To tfaese^ which have since been called secondary and 
primary rocks, he added a third class, in which, as 
to position and structure, he professed to recognise the 
operation i>( the deluge ; he presumed that they must 
have resulted from some great catastrophe, tearing up 
and modifying an ancient order of things* But in re* 
spect to the classification of rocks, it will be our busi- 
ness to speak more at length hereafter ; and appre- 
hensive of fatiguing the attention with matters rather 
curious than useful, and with details historical rather 
than practical, I shall only further trespass upon it 
by briefly adverting to the speculations of two compa- 
ratively modem theorists^ whose opinions have, till 
very lately, divided the geologists of our own time, 
and who may be called the founders of its once op^ 

tres ont He form^es par des accidens, ou par des ^venemens qui 
<mt ea fieu) to dHRSrens lems."— -VoL III. Sect 3. <' II n'y a rien 
de plus natorel que de partager toutes les montagnes en trois classes. 
La premiere classe sera celle de montagnes qui ont 6t6 form^es avec le 
monde. Lti seconde sera celle dee montagnes qui ont M fonn^s par 
. i|n« revolution g^n^ale qui s'est £fut seutir iH tout le glob& La troi- 
si^me classe, enfin, sera celle de montagnes qui doiventleur formation ii 
deft a^ddtitt portictdiers, ou ^ des revolutions locales." *^ Les mon- 
tagnea d<L la prtivtfire clasm scat ^kv^ea^ dont quelqaes-unes se trou- 
vent isol^es dans des plaines ; mais qui, le plus ordinairement, suivent 
un6 longue chaiue et iraversent* des parties considerables de la terre. 
HUfli dUBnlit diM'iwmtigDM de la secondo claase : 1. Par leur ^leva^ 
tion et par leur grandeur, qui surpassent celles de toutes les autres. 
'^. Pat leur struciure interieure. X Par les substances min^rales qui 
ft'y l*ottVehfc»* Ibid. 

llicse passages are sufficient to shew the merits of Lehman as an 
' origrihai and acute, observer, and have fiimished subsequent geologists 
' %Hh the fbmidaitidns of their arrangements; 

C 2 
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posed schools ; premising, however^ that in their argu- 
ments and hypotheses, as in those of their predeces- 
sor^, we shall, find much that is blameful and fiiulty, 
mixed up with a body of practical and matter-of-fact 
information^ of infinite use and yalue : indeed^ though 
it is unfortunately my business to adduce many 6f 
these theories rather to refute, than to elucidate 
them ; and though they are, with few exceptions, so 
many imaginary fabrics, displaying rather the follies 
than the genius of the wise, it must be remembered 
that to them we chiefly owe the practical foundations 
of geology. 

It would be easy to shew that the theories, or rather 
hypotheses, of which we have now taken notice, con- 
tain the germs of those speculations and inquiries 
which in our own days have excited so much attention 
and controversy, under the name of Plutonian and 
Neptunian doctrines — the Neptunists. affecting to 
trace all the present appearances of the globe to the sole 
agency of aqueous solution, disintegration, and depo- 
sition 5 and the Plutonists denying the exclusive opera- 
tion of water, but combining its powers witH those 
of fire, and calling in the aid of both elements. 

The credit, such as it is, of the Neptunian theory, 
is commonly given to Werner ; and if we find in it ^U 

• . ' ' ' ' ' i 

the faults of its predecessors, and all the erroneous 
reasoning of darker ages, it will, at the same time, he 
recoUectecl, that to him belongs the principal merit of 
pointing out the order of successiqn wl;iiqh the various 
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natural families of rocks are generally found to pre- 
sent,, and of having himself developed that order to a 
' cqn^iderable extent, with a degree of accuracy which 
before his time was unattBinable, for want of proper 
, methods of discriminating minerals and their com- 
ppunds. There is one disadvantage and difficulty at- 
tending an attempt to expound Werner's doctrines,— 
which i^, that we are obliged to take them at second 
hand, since he'^has not published any connected view 
of them himself ; and moreover, the Professor and 
his scholars have generally affected a mysterious 
phraseology which it is very difficult to construe into 
common sense, or intelligible terms; and which is some- 
times so harsh and uncouth as to border upon the 
ridiculous, when, at least, we attempt to put it into an 
English dress. The darkness which he has thrown 
round his doctrines seems, indeed,* often as if it were 
expressly intended to keep them from the eyes of the 
vulgar and uninitiated^ and may be compared to that 
mystic and symbolical language, in which the alche« 
mists delighted to veil the accounts of their researches, 
and which after all were no great things, when by dint 
of much labour and study they were deciphered and 
done into plain and legible terms. In speaking, 
therefore, of Werner's theory, we can only avail our- 
selves of such transient glimpses as he has himself 
thought nt to give us, and must fill up the various 
chasms and bre^s, with materials derived from the 
more extended and finished sketches and illustrations 
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with which we have been favoured by his pupils aiid 
disciples. Werner's theory then amounts to this t — 
The matter of our globia was oiice in a fluid state, or 
at least its nucleus was enveloped by a chaotic sdu-^ 
tion, of such a nature as to retain the various eairthy 
bodies found in the lowest strata in chemical 6ombi«- ' 
nation ; but this state of things was of short duration, 
and the chaos began to deposit a variety of crystalline 
nggregates, such as the different species of granitei 
certain kinds of slates^ or, as they are more technically' 
called, schists ; the genuine kinds of marbloj serpen** 
tine, and porphyry, aiid a few other more equivocal 
compounds. Theae constitute the primitive rocks or 
formations of the Wemerian school ; they are sup- 
posed to have had their origin antecedently to the 
creation of living beings $ they are more or less crys* 
talline in their texture, and never contain any organic 
remains or rounded pebbles. 

The second class of rocks included in this arrange-* 
ment« are supposed to have been formed during the 
transition of the Earth from its chaotic to its habits- 
able state. They are partly crystalline aggr^tes, 
and partly mechanical deposits ; they contain ftag^ 
ments of pre-existing rocks, and are sparingly inteiM 
spersed with imperfect remains of some of the lowev 
orders of animals : certain dark-grey compact lime^ 
stones, and rocks composed of fragments imbedded 
in a slaty paste, are the leading idiembers of thia 
family. ' 
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rJi^ij^ t}}^,^a^ip^,^5^tfhe elements, acting upon 
the^a^fll^^firpftl^.jt^n^^ji.tQ.th^^ attrition and disin- 
tQg|ratiQi^9)f4fitI)^^Y^l ,S)|bstances being mechanic 
caDy.<difi[fi^d|.thjcQ)^ghp^t tbQ welters that covered the 
p^#fJiye,Sfl4.j^^it^9j>, j^ejries,.wCT^ deposited upon 
^f9kvW RUfjfi^aive.la^er^, in a. |iorizontal position. 
Tb^^^^r^ W^li^r's Ffwtz rpcks :, they not only con- 
taini, ,hu^,^ve!^ ahQun4 in, vegetable and animal re* 
mw^&9 simI an^oiig tbe$ }atter«. skeletons of amphi<r 
jbion^i^i^iii^als aie not upcommqn, Certtiia Umestones, 
red pwdstone, coal strata*. )ias» and chalk, and some 
of tb^ «»Rd9tpn(9s, belong to Hiis, division* 

Lastly, we find depositions of sand, gravel, and clay, 
of the bones of quadrupeds, ^oii^ulatiQns of peat, 
and some other substances now in progress of accu* 
molatio^ <«t deposition, which are included under the 
term ullwoial formations* 

The fifth class contains the produqe of volcanic 
firfm» and of more partial combustions. So that under 
t>ne or.otbef of these classes, oxformaiiomy as they 
ai^ tibeooeticaUy calledi it is supposed that the various 
^hitwioefif oQpumng amongst our rocks and strata 
.may b^ i^^tided^ It would be premature to descant 
i^Ai Qi> cptM2»se this theory, without . more particular 
«^p of tb^ faqts^ ujppa which it rests, and of those 
]«^h miU^^againatif;; butw^^en in t]^. possession of 
detailsj/we shall be borne out in as^erti)^ that it is, in 
ilttjIi<»Utefi''W^fe iMWl . WsatiMaiQtqry J fhat ijhe very 
idea of an universal solvent, and of crystalline, sue- 
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cibd»d<^«ikecbattH»liAafioihs,nisi )at -mAimcA wtKiaH 
tacfenenoe^^biiotoaddgjrf ini ahttgt/.tlUttjti<tii|(j^i|JaLr in 
iuM^diYantaUei acfminakriiloi^ofiliyjpiiAh^tepiLsbigif^ 
dppoiite^^qualides'lo tfae^isame ftgeIll;^(lin(|ljAftt/Il3Be 
nkofil'0SiiB|ire4ecesisdni^l it>i8«q«ri^dbyinaBiae inth 
ffftldrei and^mlk ttedf4M^^ iata^woid^'TtlaitrJlpfaqifs^ 
tgricn : ^ibh :^iaiglit>^|Ntt6 foritbe idvtotidal^^c^atina^ 
wlic^ft' aoohd-pfaitoiMiphy 4^ 7et'aii|^ited\i0n 

ekiHli) Jior ' taliigfat man >that h^ i» hut 'die ; niniaUst^ ^M 
idber^RreiEr 'Of riatnrev- ■feuL'iCMi' nditlielr' ei^epdv^liii 
powteFolor his^liDOwledge' a haik^s breadtbibejroiid<lMk 
expori^ilpe' and' observation of the « present: oiderKof 

K'^fFhePtuTewic' anEORV^ >a3 it is geaeialijr thongli 
tK^'^ quite pvopefly^'termed, owes its- origin iKi 'Dn 
iiilttOD^ and prooeeds upon principles difieriiig' fhna 
4dbose of the anciient Yulcanists, at 4&e heid'of 'wbMtt 
^6 mdy place Whitehurst, and entirely at' Tfliiiande 
mtb the leading tenets of the School of '.'Freybia|;k 
JtvboBJbeen defended by the late Mv« Pkiyfitii?/.tiiide|- 
tlie'terttif of ^eHuitaman Theafy^- and^his ^ lUiBi. 
tvislimis^'^ have by B<mie been ranked-^among-the^xnoBt 
iBoqiieBtof scientific compositions ; btrt faeiHumotinyBB 
indui^ too HHich in doctrines ^hidi ;neitili6P«xpeti- 
ment nor analogy- are • competent^ tO'>saiictk>Dfi<aBd 
.which are 'rather adapted to ddi^ttiie fiindytthaki to 
JCQnVince 'the reason;' • :,.,'//; i.^* 

I' The Huttdnian theory supposes iJieaniilteiaib yfAdsAi 
compose the present surface of the globe to have been 
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dGtibiit dfwatet apon a former order 
o£tiliiig|^>^'tlttlitltey1a«ely'^inifa|ctv.tIle debris or ruin of 
fiici^iCQttlbdltfi^/il^HicIi have been pulverized and 
wtih\^iKto;^r(ky:tbe:AeapitiDaousi operation of torrents 
Biid" euiiiQiA9o£iyid!ar#)whicfa bad transported them to 
•th^boUoinicifttbf^ oceani^; and "that there they have 
l^n^rfiolaolidated/by isiriool^ ^cansesj but chiefly by 
flobfaMMiilanjof velcaniclfifes'|!and we are to imagine 
Ai^ ekspansire fower ^f ike saiine irresistible agent to 
IniveNigm ekvaited tfaostMn from the bottom of the 
fideta^ijtorhasi^e^y^ftthem Taridus states of induration, 
)iiidotaiiafve)tkr9wiith6mdntt^. those differing degrees 
of inclination to the horizon which they now exhibit ; 
dlimpl^ fidmogjthem inisome inaitances; dislocating 
nHd jNemo^iiig tbem from tlmir dd posture in others ; 
and^ Q^ca^aally; eSb(^g, their entity : fbaion. • The 
mgidmttfied' substances are* supposed to bate ibeen . in 
<lhftdbtter.7reKlieament«i.wbUe.l^he' stratified bodies are 
irtgard^ -iLS'<hav}iigi''bBea only? softened by htot,- or 
{»toetrai»d; bjri melllied> marten:. And as present: conti- 
-Qciitk wevelformedifromv the disintegration aod^oorro- 
te» o£tpriQrcYOck8,'ilo>areth(^y^ supposed ta b^ gradu*- 
<attyJBBstorifi^ ]|faeir matenais' to the ^sea^ firoifir' wbidi 
aeiPXSDntiik^nteiiarei hereafter to emergev^manifeoting'^a 
tamae^iof^ohaages simitai^tcy^ihe'past. • - • • ^- •'> 
it 93ibughntii;^et'kklsHs>^df^tibttte tfatoretioai 'vicfm 
there is very much that is fantastic'and imfirobaUe^ k 
dniik^ tieiaUQiredHUHit^/lhere^ i^-f^alsb mudi ^tfaidt isf <:on- 
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6iirtaQl)i>iriibiiliM&liofnm<iiga«^ and ^igb m 

even /diim% tMiie (Hit tad wiied .fa$^ tliQ ngMial 
reault of experimental uiymfigaiiM. > . Indeecli tbp 
{Wdgims of modern oheiojstoy'jNiA tclisburdttiiecliihe 
jgqttoitim doQtoMa oClsome ^f tfi^r boHvk^t ipmi^* 
aktenfiifif. . .. '-: » "■■ -■•;.• jm,i* 

When move copiovs' &ot0 tad ovIdaniBear hwire te^ 
Qdduo«d< I fsbaU. btg l^ve to ci4l attention t^ 8omori>C 
tlie fihiff 9li)pidftUoxi90if tjbe Wememn Mi Huttoum 
hypotheses; and then, Ofpd not tUl tb^n* fibril wibft 
^hlc^tom^he ^p our naiinds Tespecti^g their i>elc^e 
value iind.merit9» l«bill»hoW«tver, dwell upon themi. not 
PQ muah'fvw^ Any 'Owvic^n of their intristtcimpp?^ 
fitce, ^awith tbo intention of shewing the Ghief» and 
ind€^ renl yahie of ihxm and similar diaquisitionai 
tbet of«wabemng in the mind a desire q£ invealigatimg 
nature and of ooUeotiqg facts ; for observaJtioaa aoonr 
mnlate v^ry slowly when unasdsted by the inflaenoe 
9f ^ystetnr^the observer never proceeds with sQ;manb. 
aidonr as when he tbeoriaes, and every effort )to verify, 
or lio disprove particnkr spacnlations necessarily leada. 
1)0. the evolution of new laets* and to the extension, of 
the limits of useful knowledge* It lAj therefimtr ^ 
bii^ness c^ genuine pbileaqphy rather to pokU fulitfeif' 
imperfeGtions^ to expose the ett^s. eind to^resttt^ 
the presumptnousness of the ^orist, than 16 atterhpt 
the eti^ extinction of e spirit ^idi, howeveii in^^otHi' 
pleto and insufficient tbe innteriate^ft^irlil^it'tMti^ 
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^ork, murtst leabt faoilitete. geoertJlzatioiii smootti 
the paths of knowledge; \Mid render tlie appvoilch ta 
truth IfesB rugged iwid tfidioaa* » 

Hatiog now attemj)ted to Mng befi»e the tender 
a brtef ^ocoQQt of a few of thte principal geological 
theories, with a view to give some insight intotbif 
objects of Ais branch of sot^ee^ considered in the 
abstract, I tttiat I may recommend thia ptir&oiti as 
embracing, in its secondary applications^ a varie^ of 
us'tdfal and popnlar infonbation. 

In mining, in the search for coel^ m tine stractare df 
cdnals and ixmds, in bnilding, dwuning, and* in the 
jndicions seitrch for and mani^ement of springs, the 
adtantagea of practical geology are inciBdenlable. It 
has frequently happened that materials for roada 
bave^ been transported at great expense from distant 
parts, when they might have been abundantly pro^ 
cured in' the neighbourhood; in sinking welb, in- 
judieioiis situations have often been pitched up6ii'^ 
:a|)d buildings ereoted at a distance from eopioos 
sdurdes of water* In t&e fruitless search for metaUie- 
veiiwu miUiopa have 'been exploded upon the delusivcf 
piomises g£ ignorant adventurers; and coal is*) fM^-* 
quently sought : for ^m plaoesi; which evea a slighlt 
)ifiQ¥fl^e^: oC the s\iV3^t in^ic^l^ «s hopj^le^dt • : . > t ' 
: .;T^#i^fimg^^ntwbiQb I propose |^ lad^t i«i, tfa$^ 
foltaiipg p^g^iisntofl ,*iinple wd. obvipus t9 9««df anj» 
^J^tf^, 9s$j^a|^9< , Wei s^^ romimi^nci^ withMSii 
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•'s^mmam ma^''ssij^mi^ot^'^^M<Mkttka, mid 

i'iti6^>p(McaI^:«tft%:e' 'Mt '^Hm^l 1x\atoty of ike 
'dfev^katiori kdi i^A^iiiQmU^'^f'4i%im^t'Wiei'k , 
thitigk, ymt^Hs feitHi1Mfeti''tt^'^He ViifibilS 'aUa^Sl 'Slid 

^'ietJ6tid*<7 stfktfti'- ''"'■_ •'"•'-»• .'■••■••■n> -' '^ =-^;"''!'- ' 

'T1ttss»^'4e^naftiy'6ti^' ^ ihsilf then 'e^dtoirieln 
' tb^ir tisitiitisil' stlccessidt[---tiie ch&Ik, with its contents 
'ahd a(ic6Jni^^!iiteiii^SviIl cldhi maiiU 'Notice; and 
'lieiW, a^^n the iu|)efikit;tlifab^ht beds; vtt ihiiVSxid 
brick-earth, potter's clajr,*' and virions other pro- 
ducts ap^ficable to Ae'irts: here, too, vre shall dis- 
tov^ ttfe'^seat' bf'those stibterranebus rivers, which, 
'flow'it^g' frbin^tidre 'elevkted situations, make their 
tippearahce at different depths, and in different strata, 
ebni^tltuting the various springs of hard and soft water 
abbtit the metropolis. 

'Th6 next substances that occur, are the varieties 
bf freestone used in. rough sculpture and building, 
'sYiefa as those of Bath and Portland^ with their various 
argillaceous concomitants; ^nd to these succeed.'t^ 
t^d' sandstone abd marl strata, in which are our de- 
'^o^sits^ 6t tock salt; and with which are associated the 
<ii#3tihoreimportaiit formations 6f cokl and iron-stone : 
1the%h6le of these strata, covering a vast extent of 
tbuntry, lie' iii ehoimbus cavities or 'basins* bounded 
iby (iat Varii^ty of marble,' commonly called' mbuntam 
limestone/ iri i<fUidh,' • in' ' Derby siire, ' ' and ' several of 



• the ijt9^pj;9^^v|f)ff8s,^iHg;^p,vsffi9ii»9 «^^^f»|H!«n 

districts of England occur, will no^,,b9. (^xjpose^ t^ 

,^?W■^W^ .P4 we.joltinja^pjijii^rwxP-'P^ graaiteiond 
,|ts,,ass9ci^te^, yhich fopfi 1^ ,|;^)t^p4. pwowyal 
jmountoiD.c^ains pf the wodd, apd up^ V;lu^,'.as.f;ir 
, as, oar (limited inquiries enable, us to ascectaiQ, alj..t)ie 

pther roqks are i.Qcui»J)ent . : ,. ... . , < ...v 

ilaving thus examined tlia. Bfrfita .of .pjii^ glqtiq jp 
the order of their succession, from thQ surface down* 
wards, we may proceed tp .the .strvictum, ppsiUoq, 
contents, and, theories of metallic y^^ns ; . tQ ^ . ge^er^l 
account of the relfitive durability pfxopks.ai^d .mpVA- 
taius ; and to an examination of the >, cau^^ wl^ich 
arie tending to their disintegration and decay i-^r^n- 
neqted wUh this subject is ;the nature and ferm^tifHi 
of soils, and son^e other topics> which may prpv^^f 
:^qeral use and interest. , . , . , . 

, I shall conclude my ^remarks with^meobservpt^os 

oc^ected with the, causeji apd effects, of ^ypjipanic Sj;^^, 

wkh the :phepom^aa Qf.,eartbqnabe3 aj^dv boi^^g 

jfoi^ntains, . and ,^ith ,9ome ]re.marks,r^ating,;tqi^ptli^ 

Jfi^iited f ph^^^ .f^r- a^^.tJipy t^d.,t9 ^Wi^ft^ 

or , esiyiaiij^ a^^^ mysten^§^ai*d.di%^^^ lyp 

^ma^ haye npet witl^^^n.our^preyioupjR^n^ries,^ ..., .? 



OBJSCT9.M OBOtOQT. [Sect, I. 

. iunMPUHw^iMwetove «Qf«7 g|(|aeovQr the sabjectdof 
geological research^ I shtdl consider my intention in 
tUs' intiodactoiy section as nmfl^ - attained^ if I 
lisve shewn that it is no uowortby or unimportant 
branch of science ; but that» on the oontiary, it em^ 
braces enticing^ usefoly dignified, and even, sublime 
materials of discussion and iastruction* . 

It surely concerns us all to know something of the 
ground we tread upon^ <tf the country we inhabit, and 
of the sources and natural associations of the infinitely 
varied products, with which the mineral world assuages 
our wants, increases our coniforts, and multiplies the 
luxuries of life. 

To the traveller, geology opens, as it were, a new 
creation : in conneixion with geography, it discloses 
what may be teimed the physiognomy of the earth ; 
thus clothing a barren country with numerous objects 
of interest, and giving a new zest to those pleasing 
emotions of the mind with which we behold the fertile 
landscape and fruitful plain; and to those more 
exalted sensations which are created by the majestic 
features of a rocky and mountainous district. 

Finally, in displaying to us, as it does, in characters 
most unequivocal, the great and awful revolutions 
which this earth has suffered, it gives rise to a 
salutary reminiscence of those which yet may come ; 
it shews us upon what slight foundations the present 
order of things rests, and how trivial a change would 
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suffice to obltteratof ^^dusit tvd^ exists x ^ariiM^iing 
the wen^a^tempe^ed'MiiSd^ ndt ^iA Borty fdn^riedaiu) 
idl6 fe&rs^ nor mth that Mp^rstllkms Bme tviiieh feomd<- 
times teAnlts from gross igfioramse, and someth&sft 
from pen^rted kdowledge, but witii deep and an<^ 
shaken admiration of that boundless wildom wlaclli 
governs the revolutions of natiHtKHi^hkhi 



.•* 



Builds life on dealli, on dumge donifion feiinds^ 
And Ms the eittAal iHieebi to knlyw their tooildii 
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SECTION II. 
Modern Ocolt^— Subatancea of whidi rocki are composed— SOica-l 
Linte^^Aliuiuiu — MagiNaia — Svtotann of Bbab— Si^aiiar, 

■upennediiLl, medial, aubmedisl, and inferior Socks — Superfidat 
Appearances oT Ihe Earth — Valleys. 

Hating noticed some of the leading subjects of 
geo1<^, and briefly enumerated some of the hy^ 
potheses entertained by our precursoni in this de^. 
partment of physico-chemical science, I shall pro*, 
ceed more particularly to explain itq objects, as tbej, 
are now pursued, and endeavour to sketch a^ 9F^t^>f>^ 
of the study, as it exhibits itself at thf pre^t|i^y.,, . 
. Its first and leading object is to becoi]^ pst^fl^ly 
acquaioted with the pieeent sUite.-Dl^, tlfe E^rUi'fi 
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edoniftl itrwlrae ; fer, eaospting of ite crmt or rhid, 
tREe inior iiotbhig ^ ^tfild tflOat: has been su^eato^y 
eidier by-fteorf or expenment^ ralatmg to its internlkl 
wmp^Hmh its density^ ni the coastitatioii of the 
•ntirv mns, ie mem eormne and guess- w<^k-^er 
ductions IisalSy dmwn fem stiperfifeid obserratioti) 
(» ftmwtrmkteA infetvaces ttcm imperfect iesea«cbes» 

Hie present sur&ee of oqr pfamet is composed of 
lapdeoQs materials, the nature and compositioa c^ 
li^icli it is tke business of mioeralogy and of che» 
wstry to ddtermiQe ^ b^ that the minutiss of eith^ 
4f !tbose sto(&s need, of necessity, be goi»d into by the 
§eo)ogist» for the substances which thns present them^ 
selves are, comparatively, few in number and simple 
ID their nature^ and their external characters an4 
intimate composition aie soon learned; yet, if he 
would pursue bis subject untlei^ every advantage, ani| 
MLtand his inquiries into its more refined departments^ 
he must neither be a superficial mineralogist, nor an 
imperfect chemist*. A knowledge of the crystalling 
ferms,' and general mechanical characters of sub^ 
stances^ must often be called to the aid of his specu* 
lafibns j and he can frame no plausible theory without 
combining with such information a just, and event 
liiitiute, ncquaintance' with the efiects of heat and 
?ttitous solvents upon mineral masses, and upon the 
parts of ' Whicb fhey Consist. 

' Witihotri ihete guides, therefore, he who aims at any 
ttdii^ tey^d m^re' prnctical geology will infallibly go 
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astray r they at^ ligfato «flB»ntki to hi» sUDceiafiri 
progress; and the wand^riDgs f^lHoie lAowcmld 
penetrate into the more secret parts of geology witbOttt 
them, are abundantly manifest to the mtelligini 
reader, in most of those speculative writers, wilOM 
eloquence and dexterity in ai^ament may mislead the 
unwary into an acquiescence in their reasonings, but 
which, when measured by less fiUlible standards, are 
found void of solidity and truth. 
' Siliceous, calcareous, and argillaoeous substanoeS) 
either pure or nearly so^ and in a state of mixture, er 
loosely and indefinitely blended, rather than in strict 
chemical combinatibn, constitute a veiy large relative 
proportion of those rocky masses, or scattered m com« 
minuted substances, which form, or have formed^ tbfe 
most exterior constituents of oteir plaitot ; and ef these, 
considered in the abstract, the cheinfcal mad minera^ 
logical history is soon told. 

Under the name of rock crystal^ or qaartz, silica 
presents itself nearly pure ; and in the varieties iff 
Sint, agate, calcedony; and siliceous sand, it is, by ftf, 
the predominating ingredient. Its most usual ct^ 
talline form is a six-sided piism, terminated by a sijt- 
sided pyramid ; but its primitive form is an obtnse 
rhomboid, nearly approaching the cube. In speoiSo 
gravity the pure varieties fluctuate a little etf oM 
side or other of 2.6. It cleaves with great difficidty; 
its common fracture is conchoidal. There art many 
varieties as to form and colour, which chemical mine^ 



midgiftta desdribe aadfU^og^vhi th«y axe all I»rd 
enoiAgh to scratph g^ass. Tlio li^ading chemical cba"» 
motert of ^lic» amy exti^me difficult fuaibility ; in^ 
aolubility in water, wd in neady all acids^ except 
under cextaii) peculiar circwxistances of ^ec^nt pre* 
cipitation, uader wJbich it refidily dissolyea in potassa 
and soda; it i« alao ea^Uy combined with those 
elkaliea hy fuiioni aacb compound constituting the 
basia of glass, and where the alkali greatly predo«- 
minatesi bemg lolubl^ in water. This solution is 
ealled, aometimes, liquor of flints; the acids de-» 
compose k^ and throw down a finelynlivided hjfdrate of 
ffUcOy which is soluble, to a certain extent, in water ; 
a &ct of some importance in relation to our present 
flubject, and aocounting, in some measure, for the 
existence of silica in certain mineral waters, and more 
specially in those of the boiling fountains or geysers 
of Iceland, which deposit it in abundant incrustations. 
Caloedonyi and some other minerak, are also occa^- 
sionelly vefimed to, as attesting the once fluid state 
of silica fiom a watery solvent: its crystalline forms 
may have originated from igneous fusion, but the 
fKpsftenee of aquatic ct^ervm^ often of their native 
eoJonr, <or discoloured by oxide of iron, and of 
Dsosses and l)crl(ensr in certain agates, rendere fire, 
iA nMttiy instances, an inadmissible agent* Upon 
these subjects, Dr. Mac CuUoch^s inquiries are ex^ 
tremely. desepviDg nptice^. Even the chrysalis of a 
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inpthisi it is.5aid;,«t.s^pt.iiftag^fff, .0 
mical characfcpr of silicft mu^tinQf.b® overlooked, as 
bearing upon geolo^c4.,^^jry«« whiph,ii$, Us afB,nitv 
fprothejf earths. eitber,jbfjgpeoi;s,fi}siQp,.prpqu^^^ 
solution. In the fonjAeif way, it combipes with lime 
and alumina;^ with, ip^pesia/ baryta, s^nd.etipntf^.*. 
Pottery and porcelain ,9X& aluminp-silicepus com-^ 
pounds, with 431Q pcc^^nal proportion of .magpesis^^ 
Three, p^rtfj qf^ijipa, two of magnesia^ and one of 
alumina fuse into a glass ; and we find several cpm^ 
pqiund ioinerals of analogpus constitution. Nor,.'inust^ 
the humid attractions of silica be overlooked, for. 
when its alkaline splutipn is added to. aqiieous sp^ 
lutions of lime, baryta» or strontia, or to an alkaline 
solution of alunpiina) compound precipitates. of the 
earths are the results^ several of whieh have been par-* 
ticularly examined by Mr. Dalton, (Syst^i% p, 841.) 
It may be right to add, tliat silica is^ probably, ^ 
binary compound of oxygen with a peculiar inflafli- 
mable base* which has been called ^Kco»» or silicmm^ 
and that, it appears to contain about half its weigl^t 
of oxygen; but no application of this subject • to 
geology rend w« it necessary to dwell uppnit^lio^yipvejr.. 
interesting as a branch of chemical inquiry^, apd,,as, 
shewing how great a proportion osjygen constitute^ 
of the ^iid,.as wellas of the fluid, watij^jf ^f ^>}fXo 
globe. . . . _ ; ... . 

CAi^BONATE oy X,iiME IS a very prjedonfiiijant ipgre* 
dieut imock^px^^ble, cfaaUf, oolite, frse^tppe,;,^^?!. 
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all' the purer Varifeti€fs* of liineston^, are essentially 
composedofU,' and these substances form strata of 
j^rbdigious extents ' It jtedominates in all the va- 
rieties ' 6f ^ shell, cbral, anil iiadrepore : with other 
siibstancesi but especially silica and alumina, and a 
liftle o^ide' of iron, it is fbtmd in lias, and several 
rnarts and' clays. Calcareous spar and statuary 
marble may be selected as this substance in a very 
piire state.' The former, when transparent, is highly 
doubly refractive, as we see in Iceland spar. Its 
crystalline forms are very various, but they all result 
from a primary rhomboid^ the angles of which are 
105° 5' and 74** 5'- Exposed under ordinary circum- 
stietnces to heat, it loses carbonic acid, and leaves 
quick lime, and by such an experiment its' compo- 
sition is shewn to be 28 lime + 22 carbonic acid, or 
per cent 56 and 44 : but if it be exposed to heat and 
pressure, so as to prevent all escape of gaseous matter, 
it then fuses^ and retains its carbonic acid ; a fact of 
nd small importance as connected with certain theo- 
retic considerations of the Huttonian school of 
geology. Carbonate of litae is easily recognised by 
itfe softness, and by the effervescence which it produces 
wh'en^ little dilute muriatic acid is dropped upon it; 
and as none of the other carbonates constitute mineral 
paasses, this criterion is alone sufficient to distinguish 
it under such and several other circumstances. Or, 
the presence of lime in solution maybe detected by 
oxalate and by carbonate of ammonia, which," added 



38 ALUMINA AND MAONttBtA. [Beet. tl. 

to muriate of lime, occasion precipitisites of oxalate 
and of carbonate of lime ; bbih these yield quick- 
lime upon exposure to a sufficieiit red heat. 

Alumina rarely occurs pure in nature, but it is very 
abundant in conjunction with other Martha, and is 
present in all clays and plastic earthy compounds, On 
which it confers the property of exhaling an earthy 
odour when breathed upon. It is nearly inftli^iblQ 
when pure ; but, as has abeady been stated, it entent 
into combination with the other earths^ so' as to pro« 
duce fusible compounds. When in a very comminuted 
state, it dissolves in the caustic fixed alkalies, and in 
most of the acids ; — ^with potassa and sulphuric acid, it 
forms the characteristic octoedral crystals of common 
alum. Alumina has so strong an attraction for it^ater 
as to retain it for some time, even at a red heat. In ita 
pure and crystalline form, it constitutes the gem called 
sapphire, of which there are several coloured varieties. 

Magnesia, like lime, forms a part of several com-? 
pound minerals, most of which have a greenish colour^ 
and a soapy feel. Mixed in the state of carbonate^ 
with carbonate of lime, it is foUnd in a sub-species of 
limestone, to which it imparts peculiar charactei^. It 
is insoluble in the alkaline solutions, but readily soluble 
in many of the acids ; and its presence is announced 
by a precipitate of carbonate of magnesia, on adding 
carbonated fixed alkali to its solution : while, on the 
Other hand, bi-carbonate of ammonia, which throws 
down>lime, does not precipitate magnesia unless phos- 
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{)hate of 99da ))e added ; and upon this is founded an 
el^nt sfiethod of detecting the presence of magnesia, 
devised by Dr. WoUastoi^, Now the different sandsi 
i;b{s,,]:QaxJ[si and limestones pf the upper strata, are 
cooijpQ3ed pf i^i]ictuf^s of tlie substances just enume- 
pi(te4 .9jQd they constitute, in chemical combination^ 
and with a few unimportant additions, the principal 
iximponents of the primary rocks. 

The regular succession of the Earth's strata has 
been already, partially referred to^ as determined by 
the inquiries of some of the earlier geologists; and as 
the order of this succession, and the respective cha- 
traders of the series, will occupy much of our atten-^ 
tion, it may be right to explain it by a few prelimi-* 
nary observations* Let us suppose a traveller, for 
instance, departing from London and travelling west- 
ward towards North Wales ; and let ns direct his at- 
tention to the ground which he passes over : — he first 
traverses a tract of clay and sand, then he enters upon 
chsmci which is succeeded by calcareous freestone . and 
a species of argillaceous limestone ; then comes a zone 
of red sandy marl, and mines of coal and iron succeed^ 
surrounded by limestone, and followed by slate and 
granite. 

If» instead of proceeding westward, his route lie to 
the north, the same succession of strata, the same 
nqckn and mineral masses, exactly in the same general 
o^^r, wHl present themselves, and various opportu- 
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wji,titiO!4,4^fWig the. inipQirtaiit oec^odaky iput^poac^t 
tp ,\i(l^pj^.itr^ effoi^^njfly.QOWteibtttefll rfopi^oqe^tiiati? 
ivjiif;^ at pp§ plf^qej^r^ifLt impenelroUe di^disv^a^iet^ 
^^Qthi^r :^ bJ^Q^g^UOtl^ jBiirfsioe, as(to cteUe viujto. 
examine and obtain them and their contents!). mmct^i 
r9\is ,^e^ pi:Ddii^t».,md.miiiexaltira8tife8 wetiius 
ccjUecte^, . frf;^ or ^^cmipacatively neaiv ibe auifiu^c^ Irilki 
v^l^iqh w(^ othigrwise must, have remained irhoUy iim 
acgw^^dy or which eouid only have been prooared* 
bjjf. ahjQOst ipe^rmountable labo.ur and eoqpeme. With^ 
o^^.a^[ifh obliquity of stratification^ there wouidifam^ 

l^trvflito the edges of the indmed strata are tmcbvca^d and viable 
upf)^ 1^9. surface^ tbfy are said- toftie ta the rf«y) to hatk^s «rcH)f^ ^tm^ 
and where horizontal strata happen to rest npoD the edges of<tb^ jb^, . 
clrhfldj'tiiey are said to he in an unconformable ^overlying position. But 
wf^.^h(ntlfl' esdeBvour to shut these pvdViiidd^giBrisMsfUidibrefi)^ 
harhanties out of the language employed in scientific dis(}uisiti(mS)tvil99^, 
neces^ty pleads for their admission. For the same reason I would 
oli99d>ti^ Utt^eising Werner's j^hraseology, 'Vh&eh obO^ e&cuikibbhi i 
science " with an army pf harsh aiiul ^n^ieild^ ff^^ poupi^ ii^ ratMv' ' 
to couquef'fhan assist the natives;" nor would I adopt the terms opcto- 
giiMictBnd.^ogiieJsib> *^ m^el^lV^tiaiise kforeigti'ib^liobl'haB chosen' t(i 
annp3;^di(^^ ifj ihfi UmB sy^matic n^fitv^^nsy («ndigiQolyggr«' 
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iAwmini^^ibeitiii^Wp]^0mu^^ ^e'ltiih^df 

beaqtaj4>a6ldiipel»iflg^th&mVpi^i^^^ in tJiousiEmds 

cd^H6^fiiwcd(«f t;hil awtigenttnft df 'h>cks. Wal^i^V 
ddkttt^aqioivt)!^ hW* and on ii%ih grcmt^i'fiUieir trtid 
fbviillirqugk^tiie softer wid ^mefthte Itfyiei^; ](m>« 
diieing apviUgs in the valleys^ and f^edirig stteanl^'and 
Tfaseis^iQsteaddf accnnittletitog lu'inaihsiheK ahd swittnps, 
aaJtbeyiKmU dO} were the strata 'hor&ontal, or the 
8iivfiu)erplane« 

. JbnoDg Ae> strata or formations of tJte Vicinit/ of 
Ldiidmy diaHc forms a very qonspicaoua feature ; bttt 
tbeve^e^ lying upon it, a variety of days and sands, 
i^ndbeds pf gravel) which will daioi our earliest notice. 
Beneath the chalk, another and a distinct series of 
ssoda and elays will h& found to prevdl, winch are 
incumbent upon calcareous freestone and lias.; to.tlMese 
s^Giseed marls and sandstones deeply tinctured by red 
oxid^ of iron, and often containing detached mcisfies^ 
as, it..ivere,,of rook-salt and alabaster. These^mtaybe' 
cotysldered as Constituting one ^omprehernsive ^nd,ip;i- 
]30^(;ilAt,$U^iyisiqn of the strata^ The^ next inckidesf 
the '«od deposits, and the sandstone and limestone with 
wtdch tjjiey are more in^inediately associated^ or upoa 
which th^ are incumbents The dtird stibdivi^icm ii^ 



dbmiciariiEad by tiie.prevdeniieof datyor ediistoM^ 
rock94 »d th». fourth is. eoofinedto granitio aggre- 
9»tes» of which there am many ftub^s^edes. 
. Wq thus find the coal strata interposed between tw9 
great famttkes of rochs, whtofas with Messrs'Xoaybeare 
aad Phillips^ we may call tiie wpemcSial «Lad mtk^ 
madiat orders * ; cdal fl»d iia associates are ihe medM 
prder, and granitei^ on the one hand, and allavial and 
d^viai matters Wk the other, form the iftferier and 
•upmor series. Using these terms, we lose sight oi 
lUthfioralical dirtinctiona-^f primary , transitiob, and 
aeoondary formations. 

The inedial order of rodks, and all above them^ are 
characterized by containing remains of VegetaUe and 
animal tribes ; and theiie are sometimes in great pro- 
fusion t bat they are far from being indiscrimiBately 
scattered through the strata ; on the contrary, ^* they 
are disposed aft it were in families, each formation 
containing'an association of species, peculiar in many 
instances to itself, widely differing from those of other 
formations, and accompanying it throughout its whole 
course ; so that at two distinct points on the line of the 
same formation, we are sure of meeting the same 
general assemblage of fossil remains.'* 

In the carboniferous limestone, for instance, form- 
ing, as we have said, a member of the medial series, 

* See " Outlines of Greology of England and Wales," a work in- 
dispensable to the geological student, and which it is to be hoped will 
be GOQipletedi by the publicalioa of the leeoad part 



we vilWftysfiivd the ^Ntine' eotuls, encrinites, t&t^ht^ 
bl^, &c., frdln n^hatefbf part of the worid our speci^^ 
men comest In the ^hBHat/ too, there ia an assectatiwi 
of^helh^ eeliifii^ and so «i^> peculiar to it;* but if we 
eotnpare the relied in the moahtain limetttone with 
time of the ehaik^ we dhetll find tiurt; they, ia all casee, 
ar» perfeetiy digtinot i that there ia not, even in any 
(Single instanoe, a remote resemblance or analogy 
between them. Even between eontiguoea beda^ th^re 
are (^n, in this respect, very striking distinctions, and 
the whde subject is of so singular and proUematical a 
nature^ as to have attracted^ in an especial manner^ 
the attention of the geological theorist. We have, for 
instance, as the lowest crust <^ the globe, or as its 
nucleus, as some mechanical philosophers will have 
it, a compound crystalline rock, generally very 
hard and permanent, in which the most inquisitive 
eye has as yet traced no organic remains of either 
kingdom of nature, no rounded pebbles, or any relic 
or detritus of other rooks. Symptoms of dis- 
turbance, perhaps of fusion, it does, indeed, ex- 
hibit, as our inquiries will hereafter teach us. On 
&is granitic foundation is reared a slaty struc- 
ture; and in the rocks between it and the eoal- 
fermatioBs, animal remains, characteristically difiilrent 
from toywhidi now exbt, begin to make their ap^ 
pearance, and become abundant in the carboniferous 
limestone. Bounded pebbles, and other proofs of the 
existence and dMruction ef form^ rocks, are alto 
here met with ; but, whtt i^ Tkoi a Ultle remarkable. 
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of vegetable remains, all, I believe, of unknown '^^^64 
i^ies, Ircit oFge6emi6ftenq«lU^Ho^latitsHM<^ii^^ 
Babk' topical ^ tSm6^; "•-ih' *&e^ tna^e^itttt 'Ifineiltdbie^^ 
T^stibg updn the cod ineksrai^e^, -msiiiife' rl^diaib^^^aKi^ 
^11 'ftte^irt-j %tfe'^fet the i^ *a0i^^%lifeK^%fe*f' 
ItdMfw^ starcdy a shell or plant of atty' ki^fl -otxftrrs.-' 
I<i fibtmfiitioDs tiiat interv^ae Isetween tiie rbd JmaH ^ncK 
tife '^perfi^al ^tmts/iliaf is, in O^ vkrhiiik^ oTIisU^ 
|cnd freestoaei te tii^lefYcigiiious and thlpntic "sdtid^;^ 
and in ttfe" cfaiilft^ itself; -i^ find peculiar corals andf* 
echini, thf remains, of testaceous and crustacebus'^i^- 
sfi^ls,' 6F marine iDtipttt^s' qu^rupedsy and of -v^r 
\ekfrkl *&hes, all ^ ei^tiuct ispecies^ but qi^te ^istix^ct ' 
fiom &09e wki^ we foui^ below the red inarl^'and'^ 
olkfBi remai^ably distinguii^ied among themselves ^c^ 
c6irding to the individual strata wbidb they occnpyJ 
I^ae^ly, in the uppermost and superficial strata, v^ ^ 
fiod^Mhelia, not, as iii former cases, cfaangedj petrifidd/' 
or lapideoiiS) but in %\kh a stattt that, wlien 'wasiied^'' 
afid> cleftiiedi they might' piM^ for recent i • seme'tlf^' 
tb^se^ Cokrespond to marine shells, and others, in otb^T'^ 
strlrt^joi^ b«ds, resemtij^'our predentlreiA-^wat^<shdl<^>^ 

fresh and'^alt Water had been inferred. Itt the'^rndst^-^ 
sijperfica^lji.uidl highest qf these strata, ,t^^ 4. Ift3t^fe>i 
^t shells such as now exist, and then Meom^adiaA-^reit''' 
.tell-tale of the deluge»^ the gravel in which we discover 



u^,tlj§fe,,^c^ ewtt^ fifi indeed^ .*<f f^ ,]t)oak in wljich mfoak 

f9^;yi,L;Fp9i^^f)^ mi^t jHive beei»;Ti^iced fiK>94 ,^ e^rii^t 
agj^f^ ij^jpiikn^hicai disc^wooa to wUcb. tbf^ J^V0 
g^vcqa vis^ ai^ of va^ xaod^m 4ate« ;and .(M x»^^ of 
fifipg.^th^.giscjogfist's attfi^iio^:»p0O tib^iOpia? fsoqoiidr^ 
ii|Sffe^»j*0volutiQnftoCthegIqb^b^ es^uatvely 
toi^fivior* .. - \/:^.' i. . .. ■'->'. !! -. .-.■ 

.. Another. imp(J^ntcircuiQ9taQCie¥{>mw^ hav^, 
on)y>%btly toiKdbed, ii9 the very frequent oc^uOrro^o^ 
of lound^d pebldes oompo^ed. of fra^Do^nta of .thci 
ol£li^rioGli;s/ which are abundant in the secoqdary ati:9ktlU( 
Tbe^ pebble prove the antecedent jformation .ttnd', 
CQ^olidatioilof thej^kd^ c^ which they dre thi$ d^bkis^;! 
aiid4hey also «hew another eurious &ct in the history* a(v 
st|^Mi$Gatioii^'Which is^ ths^t where they.ocpur^ aa^tbey 
often 4a^ in vpptical bepU; tbey mnst have ..^equirEKlr 
that) verticalitiT 'by the ; operation, of aome.&rGe. whip^i 
hf#i|h|owil theoi-OMt of their original horiz^ontal pioai-r 

k>Fd^' '$dm6^ c^dtts I^peciikti<m^-fii'i«0fer«i)cd t6 ih^ge ^r^fa&i^ 

Wars and Sports of the Monguls and Romans, ^nd also his Historical 
Re^ean^t/ xA tH^ conquest of Pern and Mexico^ Bee,'} and seV^ pi^^ii 
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tidn; fori98:cttimol^ amppoBe ^it fpombb Aat«ixjratf 
tensive nccumulation' ofilooss fraud ca&iimne ttkos 
place upon slirfaiM greaidy' Jndiaed to* fim horfapn. ^ 

Such beds of cotiBodidaled gravd, are eoaiiiMn)ii| 
^ Ted ssBdstonb'beloV'tbe cjBobcmifeioas somfi^ia 
that gerieft, in the lower itAtaoS the supenor yed>aiiDdt 
fetaie» in tlie««ad below tibie chalk« and in Uit/gmml 
bamediiilely abdV^ it < and below the Lottdov clijir^ 

Now it is Impoftible to oontemplats^ the eolketioa 
of marine lelics whkfa are lo akundant in naany tofte 
istr&ta, and l^hich are found upon the sonu&ittt of boom 
of the loftiest mountains of the worid» without im^ 
mediately coming to the cx>nolnBioni that onr present 
land has not been merely transitorily covered by die 
waters of an inhabited odean^ but that it has actually 
been formed of materials collected through a series of 
ages in the bosom of an aqueous abyss | and one of the 
first problems we are called upon to solve, is the cause 
of the change of level in this ocean, and of the emeieion 
of our present land. It is difficult to conceive any 
considerable change in the actual quantity of watei^ 
resulting either from its transmutaiicHi or deoomposi*' 
tion; yet such causes must not be excluded aaiao^ 
possible. But the most obvious solution of the diffi* 
eulty is founded upon the supposition that certain 
powerful agents have elevated our present continents, 
and at tiie same time depressed the bed of the^ooeanr: 
what was once, therefore, the bottom of an antedilur 
vian sea, now appears to be.Ottr habitaUe lead ;. and 



perhaps iibfe dry lamd of • nrecy r«iMte]pelriod of tte 
irorid, xnny be tke faottom bf the preset 8eft» Tbif 
disrnptkm Bad elevadoa of tlie $tmta is not by fioy 
meaniua'mece gi&ttntouiidA&iiaBptioti, ibrindepeadent 
of liie ^?«rtic8lity of loose gravel beds, and other highly 
lOcimtid'StrBiB whieh mast have btea cmce hortzoataly 
we> have so rmatny other insltfiiices of dislocations aiid 
heaviogB up of the strata among the dd as well as 
Bmoag the* newer rocks^ as, in the opinion of some, to 
demonstrate to the utmoiit certainty the agency of an 
inmrialible elevating force ; but here the inquirer will 
perhaps stop to ask what farce or what pouw in 
nature could have been adequate ta fiucli e^ctraordi* 
nary and gigantid effects P-^^ question which must be 
foiswered by minute inquiiy into the posUt(»gt of the 
strata, their associationaf texture^ and derangementa» 
«nd by* a comparison of these with powers and causes 
now active or subject to our control and investigation* 
Another geological consideration, independent in a 
manner of the former, but of much interest, and of 
some difficulty^ relates to the causes which have been 
aetivtt in. prodttcang the present more superficial ap^ 
piormcegof the earth; in carving it out into vaUeys, 
and fittkig it aa it were for ibe order of things which 
now preftails. 

'. VaUeys are more or less extensive furrows of die 
aurfaoertamifying generally to a connderahle lateral 
BJBtent^ and hidApendent of secondary purposes, fulfil- 
Irngtbat mo^ essentidi^one of dmining the adjacent 
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lands 6( Hmrwpitttr^ mad CP^T^ns U hi toboki ud 
streamlets^ which gradpflij^^w^t^ ^ ^^^^^ nv^s, wd 
ultimately cmvey th«Kn^i^U;nt|^ into the ooeaii» of 
which, in fact, they fiOQlMitate a saries of ascMdiQg 
brandies. 

Now there ara.^no^ valleys 4m4 nv«r ehannds 
which appear to mi^ their origin to some greet gqq*> 
vulsion or catastrophe^ which has torn asunder th^ 
rOcks wd strata, and left certain intervening chasms; 
bat in j^y&r the greater number of instances we have 
no eindence whatevi^' of the activity of such agents, 
and every thing indicates a less sudden and violent, but 
yet an energetic, cause. 

Valleys frequently intersect the strata which they 
traverse, in such a way as to leave no doubt of their 
subsequent formation to that of their bounding rocks» 
a phenomenon almost always observable, ami some* 
times within very narrow limits | as where in a iwun^ 
tainous country a. rapid river cuts through a narrow 
defile ; on these occasions We observe the same strata 
repeated upon each wall, as it were, of the valley, the 
soil or substratum of which consists of the lowest 
layer of the series. Now when we witness sudi ap* 
pearances, and when among the pebbles, and sand, 
and fragments of the low-land vre find- comminuted 
portions of the surrounding rocks, when we discover 
a collection of such debris in the soil. and bed of the 
liver, we almost necessarily arnve at two condusicms : 
One, that the strata once weie continuooa; and the 
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i^Aier, ihiti 9ieHiMMi^dSng agent H^s'bedn wat^; 
'water, not flbt^ilig'ksPit tibifrdoes, quietly through the 
Valleys, but* c6tliitittfting ttl%bfty iai destructive tor- 
ifents, ivhich, vrHitt Ae'y •haV6'iiitefcsecte<i, hdve at the 
same time, in many instances^ denuded the strata; 
\irhich sonietimev i^brking lipan soft or muddy mate- 
rfiils^* have transpbrt^d thietn to a distance, bat which 
nave also' ground down the hardest substances; and 
aided by the gravel and debris thus formed icnd im- 
]()et(iously hurried along, have chiselled out furrows 
iii the more indurated and primary rocks. Some 
have vainly imagined the present streams as adequate 
to the production of such effects ; but he whose sight 
IS not dimmed by hypothetical blindness, will see evi- 
dences of a more powerful agent, and will at once, 
and plausibly, fix upon the deluge. I purposely omit 
the proofs of such irresistible and extended currents 
for die present; but of their general agency, the 
instance of intersection and denudation to which I 
have aHuded affords strong confirmation : for it some- 
tildes happens that in insulated hills, in outliers, as 
geologists occasionaUy call them, we discover, although 
at-a considerable distance from the chain with which ' 
they were once connected, some of the lower ranges ' 
crT ffaose strata, l)ie upper ones having b^en washed 
a\ray. • 

But although we -ftid it necessary to refer, for satis- 
faetbry explanation of much that we now see, to that 
period wfcea the earth' *' wa^ covered with the deep as . 



with d giLrtti^nt/' ahd wh^ti ^^ the wkters stood abdve 
the itiountainS)" it is by no means intisnded tb Exclude 
altogether the influence of later tod fiartifiti ihiiiida^ 
tions^ of which we uhcLll duly take nbiittii but which 
are manifestly inadequitte agbnts to the productiOh of 
the effects just mentioned. Hence the neised&ity bf a 
distinction of the terms applicable to theini tltid the 
propriety of designating the Wftter-Worh fr&gment^^ 
atid pebbleS) tod debris of kll the rdcks, by the term 
diluidat products^ while we limit tli^ term diluvium 
Id the sandy aud muddy tollectionii of OUr present 
eurretlts it these toe i^eldom Carried fai* ; they form 
flftts tod deltas nebr the mouths of rivers, and ciccu- 
mulations of finely-«divided matterii in th^lt beds ; but 
of the comparatively gigantic fotce of diluvial Cur- 
rents ample testimonies are extant | and when we find 
pebbleis which have obviously been thus transported 
for mtoy miles^ tod even huge blocks Which have 
sUfiered a corresponding traiisplantatioti and attrition* 
and lodged In valleys separated by lofty ranges of hills 
from the i-ocks whence they must have had their 
origin, We may not only form some idea of the force 
of the torrentj tod the power of attrition of the sUb^ 
stances impetuously hurried lilong by it, but we Also 
read in such phenomena the most unequivocal evi- 
dence of the non-existence of many of the deepest 
valleys and most striking irregularities of surface 
which now exist, at the time that the boulders tod 
pebbles were transported* 
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Several geological hypotheses, atid the Huttbriiah 
theory in particuljir, afifect tb dfescry, in the Agency of 
Existing causes; the sotirce of those eiSfects ^hicli we 
have referred to exti-abrdinary and occasionally acting 
forces : thejr have ashamed the j[)reisent rivers as the 
excavators of theit own valleys, knd ordinary volcanic 
fires ks th^ indaratdi-s and elevatdrs of straLta from the 
bbsoin of the deep i they think that the wdshlhg down 
bf finely-divided matter formed by the action of ^\t 
and water u jjoii the pt^sent surftice, and thfe iiiroads of 
the ocean as manifested by the abrupt precipicefs arid 
[shingles bf the beach, are sufficient evidence of the 
slow but slire destruction df the present ordei* of 
things ; but such actions are not only of very fcirchili- 
^cribed extent^ they are absolutely inefficient; and 
even if v^e draW milimitedly upon time, iLs the theo- 
iiists, ita bppbsition to all chronological evidetice, hav6 
dbtie, their tendency is often the very reverse of that 
which they Would substantiate. The fact is, that thfe 
lasting and Wearing causes that tiow exist, are eithet 
tob trifling to be takeh into the account, or ate conn- 
tferbalanced by tenovatibns and re-accumulatlorts : in 
pi-oof of this the bafrotvs of the aborigitial Britbttb 
hav^ been well adduced by Mr. Conybeare *, as i-fe- 
taining the pristine sharpness of their butline, after a 
lapse of little less, and probably more, than two 
decades of centuries : even the foSse that isurroUnds 
them is not filled up. " Causes, then, which in 2000 

* CoiiybeAre and Pliillips : OutHues of theology; page xxxli. 

E 2 
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years have not, in any perceptible manner, affected 
these small tumuli, often scattered in very exposed 
situations upon the crests of our hiUs, can have ex^ 
erted no very great influence on the mass of those 
hills in any assignable portion of time which even the 
imagination of a theorist can allow itself to conceive; 
and where circumstances are favourable to a greater 
degree of waste, still there is often a tendency to ap* 
proach a maximum at which further waste will be 
checked; the abrupt chffwiU at last become a gentle 
slope^ and that slope become defended by its grassy 
coat of proof." Even the ocean itself throws up 
shingle banks and marsh lands, which check its fur- 
ther inroads. So that these supposed destructive 
powers, as they seem to the superficial observer, or to 
the biassed theorist, are soon found to neutralize 
themselves, and are certainly inadequate as general 
agents, though their occasional and local effects may, 
if not duly weighed and compared, mislead us in the 
estimate of their powers. Indeed^ of accumulation 
rather than of decay, of growth rather than of wasting 
away, we have further remarkable illustration in the 
phenomena of submarine and subterranean forests of 
trees manifestly buried in their natural position, as on 
the coast of Lincolnshire, Pembrokeshire, and Lan* 
cashire, in the valley of the Thames near Purfleet, 
and elsewhere. We also have instances of the ag- 
glutination of sand into sandstone, on the north 
coast of Cornwall ; of eestuaries filled up by alluvial 
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debris, as in the CSoniish stream-works; and many 
other attestations of the extension rather than the 
destruction of habitable surfaces. 

Having now sketched the business of the succeed- 
ing pages, and having briefly enumerated the various 
theories which it will be my object more fully to dis- 
cuss and explain, I shall proceed to examine, in more 
detail, the most superficial strata of the globe, and to 
pursue the plan of geological inquiry of which the 
heads have been enumerated. 




SECTION III. 

Organic Bemains peculiar to the Supenor Strata— -Altenufaon of Fredi 
Water and Marine SheUs— IVallel Roada of Locliaber.—Beda 
of Gravel, — Evidences of the Deluge. — Cavema cantaining tha 
Remuna of Quadrupeds. 



Geolodt, like most other brauches of study, must 
be considered in its practical and in its theoretical 
relations, — the first teaching us the relative positions, 
aspects, and qualities of those mineral a^^regates, or 
rocks, which incrust the solid nucleus of our globe ; 
and the second aiming at the discovery of the causes 
by which they have been produced, and investigating 
the events which have attended their deposition, and 
inBuenced their arrangements and characters. 



In eitbfir vi^w pf tbf) pu^ept, geqlog^ pi^e^ts f|.n 
i^teve^tlPg field Qf inquiry 5 apcj wheq qteervi^tiQn IS 
hl@p4^4 with theory, vf\im we are p^rmUt^ to relieve 
t^p df u^gery pf poUepUug fact^j |)y incwrsipps into Hs 
ppppplit^tivp regipps, it pppps a tmn of study and pf 
v^^^^VCh, tP vbicb ftiW, frofp its yftp^ty pijd import- 
appej pan be ip^ttentiye pr ipdifief^nt. 

Whatever temptations may he b^ld put, to deyiatp 
into tbp cQptr^ry pi^tb, wd tp ^mu$^ pprselveg witb 
tb^ bypotbetipftl fligbtsi pf tb^ puip^rpvis writers wbn 

havp indplgfsd ip tbe jjpepulativ^ dpp^rtmfipt pf ppp 
fifpbjepti J Bropoe^t a* **r as paay be, tq cpnfine myself 
bepe, tp detftilf ftlmP^t ^xplusjvely pf a p^qtical 
nature ; and if f ^P^^tim^s veqtu^ tp nptjcf; a thepfyi 
it wiU ratber be to ^b^w its failin§[S ^pd flflfpctS) tban 
tp pfer p.py thing tPWV^ \^ pnfibfiUi§b?pent and ^pp-r 
port : |pr it wjU be fopnd, that in gpo}p^ philosp-: 
pber^ h^up tpp geperally commepced tbeif inqpiries \^ 
tbe ftufy, instei^d pf in thefiefd^ tb^t tb^ WP^t Y^* 
sjpp^fy w4 prppostpypu^ notiqns baye been ^ai^ctionf d 
by gre^t P^mes, and supported by naosit ^ble ppntf^^ 
yefsialists; apd tb((t person^ and acrimpniqv(s djsT 
putea hayp b^^n ftpfiefed to rpffle tbe c§}fxi of pfailo^ 
sqpbical society, which inigbt b^YP b^^R ?P^4i)y ^p4 
^ipably si^ttlpd) by a fpfereppe, not tq books of 
tbi?8r}st§ repprdjpp PpinipPt but to tbe boqjc of p^tqr^. 
estaWj^biPg tb? fap^ It is, I tbinfc, phiefly to tbfi 
Ubpprs of ipodef x( and even contemppf ^ry gpolpg^sts. 
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that we owe the new and improved features wKich this 
branch of natural knowledge is acquiring. In their 
publications they have candidly recorded facts, which 
have shown the futility of much that was befcnre 
thought sound argument and reckoned as brilliant 
reasoning; and there has therefore of late, in our 
hemisphere at least, been a proportionate and pro- 
mising defalcation of those writers, who though, on 
some occasions* profound and ingenious, are not con- 
sistent with nature ; or who have misemployed their 
abilities in assimilating facts to theory, . instead of 
adjusting theory to facts. This revolution in English 
geology we chiefly owolto the establishment and pub- 
lications of the Geological Society of London. 

Geological theory, however, has, if properly esti- 
mated, jtoany and important advantages ; and many of 
the geological facts which have been established, as 
well as of our most valuable practical documents in 
illustration of the structure of the globe, or the stra- 
tification of particular districts, have, as before hinted, 
been derived from those whose curiosity has been in- 
cited to the inquiry by the stimulus of theoretical dis- 
cussion. This indeed is universally the case in the pro- 
gress of experimental science ; and although there are 
still, among the philosidphers, a few who are credulous 
in respect to all that confirms their preconceived opi- 
nions, but sceptical upon the &cts that oppose them, 
the greater number have shown their willingness to 
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exchange opinions for tratb, and to eradicate error 
wherever it occurs, and however exalted the name or 
character by which it may have been planted. 
' As, then, I trust to find a sufficiency of facts, and 
those interesting and important, to form the basis of 
these outlines, I shall at once proceed to a brief ac^ 
count of the structure of the earth's surface ; without 
stopping to inquire whether the globe we inhabit be an 
extinguished sun, or a mere pimple brushed from the 
face of that luminary by the tail of a comet : whether, 
as Kepler thought, we are parasitic animals, sporting 
upon the exterior of a huge leviathan, whose nostrils 
are vcdcanoes^ and whose perspiration constitutes the 
ocean : or whether we may assume the mineralogical 
conjecture, that the earth is a monstrous crystal, the 
sides and cleavages of which represent the strata of 
its surface^. 

The strata of the globe (for notwithstanding the 
anathema with which Mr. Greenough opens his Essays 
on Geology, I shall be bold enough to use that term, 
under the presumption of its general intelligibility) ap- 
pear, from the concurrent testimony of travellers, to 
present everywhere upon its surface certain analo- 
gies in respect to arrangement, and to succeed each 
other in a certain definite order. In the valleys, 
and we will assume the valley of the Thames^ and 
the greater part of Essex, as an instance, we find 
gravel, pebbles, sand, and other matters resulting 
from detritus, mixed with more or less of vegetable 
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fertility ^a4 ei^tent. T^^ 9Qi\ bfaing le^iQVQd, vm 6l}4 
clay'*' an4 s^d vestipgy ppl^ably f(V^ry^hq», bqt 
fiyuleptly in maoy pl^pes upoB c)|al]^, ^.nd ppRtai^ing 
wc\^ a feiparkable a^s^mbUig^ of orgt^ip fism^iiigj 
gqfne pf yegctayp, ftpd pjjiejs qf aqin^^I qfjgip, as| 
alq)p9t to baffle all cpiyectvires as tp ij^hpnce \}\^y 
pam^, or under wb^t cirpHiii^t^ijpep rt?®y were l^rPWbt 
tpgether. Tbe lemaiqs of ^e^ animal^ ^rfi |)lep4^ 
with those pf tbq lap4t quadrupeds with fi^b, b^^ 
fresb-watgp fi^b ^Wh tbose pepuliar ^q tli^ pp^R. 
Apim^ls of the l»p4> ^^ %\h ^pd tl^e wfiter, f^^ 9^r, 
spipbled togetl^er in iposf; ^(n^cppunta^le ippppgf^ii^ ; 
fruits and |paves, bazle-pii^ anfl pfpe*cppes, arg 
ipjxed witji gh^k's teetl?, cfftbs-clpys, aqd oy^r- 

sl^ells. Np less tbw fivp hi)pdrp4 V^fi^Mp§ 9f fQSsif-: 
fruit, mixed with sea-shells of various despfiptioQSf, 
h^yG bpen found in the clay pf Sbpppey Island ; §nd 
^T. Trimmer's bripk-fields at Brentfprd bav^ yiel4e4 
spph a remarkably cqllection pf sea-rsjiell^^ ?hfi.rl^'s| 
teetb^ bones of tl^e el^ph^pt^ hippppqtaipus, o^ a^4 
deer, together ivith fresb-^ater sl)eUs, as tp ^impc^^ 
us with the idea of t)ie destruction pr relics of a vast 
menq^ierief ip which anifn&ls of al| deppmin^tions^ 
ap4 frop idl quarters pf 1^ glob(e| ^a4 \f^^ ^^pr- 
ci^ted. 

The play formation of Londpn and its yicinity ia 

* See BcofeeBor Backland's desanptioa off iho Hastie CUy, 



tbmwti inW Pftny ptetqrP8gue Jrrf gwlMtw, whjch 

^re bi44e« by tfet^ bwiWings of ^b^ paptrpppjis, bHt 
YiUch ar^ speR iii Sfepplier^ HJU oa th9 ^^t, in \]ie 
h\\k pf Uampsteft4 aert Highgate m ^kp Pprtji* aind 
Wjiieh CQptribute ^p fbp ui|ny^|e4 beauty, i^ this )if)e 
Qf pw)§Bec|;, pf Bipb^pqcl {Jill in ^e ^^st, 

Jn tbfi J§Ie pf Wight, at it3 west extremity, thpre is 
^ section of tbe 4ppp^it^ ^viIH^^i^i' to the fi\^% i^tr 
tended ho>^evcr by spi»e ppculiariUPs to wbic}^ I gjiall 
^,^ypT^ mflrp w dgt^U, Xh^y ^ especially rpfl^^ltfije 
fpr flirnjsbifig ^Iteniatipps pf w^rjnp and fre^b-Wfttgi; 
^bells, ff pm which it h^ bpep c(n\ji^ci%ii;ped tbat thp sppt 
Ijag been 8VbJecte4 to, alternating inupdatipqs pf (b^ 
SW, w4 ft^ti !» SOTSP^rtpf thg iRterveaing Bsrip^;, if 
h^ fpfBied t^e b(HtPW pf § fj^^b-wate? Iftke'^- 

|f w^ tmvel from I^pndpft fq Paris, wp find, in tbg 
YipiQitypftbat^etrppiE^is, f£|ct8 pqvi^Uy irreeoncilable 
y^itb ^ cpmpapnlyradopted tfeepry, fti^d in most re- 
^]jpct3 resembUqg those which the iLopdpp ia«iii, ^f( i); 
bp been called, exhibits ; fqr, if lye §upppse ^ lai^e 
Clip »f GQpcavity, spopped put pf tbe pb^^, inaperfept 
'm pert$iin p^irts iipon thf^ §pa-co^st, whe^e sections of 
its contents are exhibited, and filled up with saQ<l^ play, 
organic i^liesi ai^^ pll^Yi^ pi^v(^^* ^e §ball fprm a 
tplpi^Wy appn^rate PPtipn of ftp ffineral cbjiracter pf 
t^esQ distjricts, 

* In reference generally to the strata lying over the chalk, the reader 
may itdvantageoiisly consult it persfdcooos paper by Mt* Webster. 
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In the Paris basin^^ then» tb» &st substance^that 
occurs, lying immediately upon the chalk, is a layer of 
plastic clay fit for the Duanufactttte of pottery; and 
upon this is a coaors^' limestone, with beds of sand- 
stone and merle, enclosing ma^ne' petrifactions of 
various kinds, and mainrf shells which ^still retain their 
pearly lustre. This stratum^ is not quite continuous, 
for, in some placets, its space is occupied by a siliceous 
limestone without any shells. We may, however, from 
its position and contents, Call it the lowest marine 
formation. It is coveiied by a bed of gypsuiti, and by 
one of marie, enclosing a very remarkable series of 
organic remains, among which we may particularly 
notice petrified wood of the palm kmd, and the relics 
of shells and of fishes apparently of fresh-water s|)ecies« 
But, in the gypsum, are abundant remains of amphi- 
bious animals, and birds, including the bones of an 
extinct species varying in size from a sheep to a horse ; 
there are also the bones of an unknown species of ddg, 
fox, and ichneumon ] the bones of the pelican, starling, 
and quail tribes : of the crocodile and tortoise ; and of 
several varieties of fish allied to the present species 
that inhabit fresh-Water, 

' Above these beds, the contents of which are thus 
miscellaneous and remarkable, and which are supposed 
to bear traces of fresh-water deposition, we find two 
beds of oyster-shells, one of which exactly resembles 
in the appearance of the shells, and in their disposi- 
tion, those which are usually found in the ocean; 
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the greater number of them are whole, and have both 
valves ; they alternate with sand and sandstone, and 
are CQvered by a deposit of limestone, containing fresh- 
water dnd land shells, nearly all of which belongto 
the genera now living in morasses : lastly^ we come to 
the uppermost deposit, containing rounded stones and 
pebbles in a mixture of sand and clay, and abounding 
in the fossil remains of large trees, with the bones of 
elephants, oxen, deer, and other large animals *. 

That low and level countries, in general, exhibit the 
same extraordinary records of devastation and change 
appears probable from various geological investigations 
that have been made in several parts of Europe, more 
especially in France and Germany ; and in some dis- 
tricts of North America, which have been geologically 
explored, similar evidence of analogous changes is not 
wanting. 

We may now revert to the strata lying upon the 
chalk in the Isle of Wight, in order to examine a little 
more particularly the circumstances under which they 
appear to have been deposited ; and here the verti'- 
cality of certain strata in the neighbourhood^, which 
are usually horizontal, and which here exhibit traces 
of having been horizontal, are not among the least 
remarkable of the phenomena which this district ex- 
hibits. Headon Hill, situate at the west end of the 
Isle of Wight, in Alum Bay, is about four hundred 
feet high, and exhibits, towards the ocean, a curious 
and distinct section of its strata. Its base, . as there 

* Vide Cttvier and Brongniart. 
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^eeA, is a fine lirhitg sand, tvhich may b^ traced into 
I'otland and Colvill Bays on the north, and trhieh, 
from its purity, is in great request among the mahn- 
flicttire)^ of flint-gldss; 

Upon this is k bed bf gray blay^ in which selehite 
hhd fdssil-shells occur, and Ivhich 8liipt)orts the Ibwel- 
fresh-water formatiod of this district ; that isj it hak 
lying upon it H series of riiiirles, some bf which appear 
to consist of fragments of shells, ^ith ct few khtife 
J)Ortions, froni which their species have been ascer- 
tained. To thii^ succeeds another MtnLtuin, containing 
jsea-sheQs in great abundance and perfection, and 
Separated by a bed of sand ^ few inches thick, frotn 
the uppel* fre^h-water fbrmsltioh, composed of k iilarle, 
abounding in fVesh-water shells, and covered by the 
fiUnvium, which forms the isummit of the hill*. 

Having now adverted to a few of the most remark- 
kble fdcts i-elating to the uppermost strata of allu- 
vial attd diluvial matters^ it may, perhaps, be expected 
that I shotild consider the various dlsGusiSions to which 
they hiive given rise, and the opiniotis that have been 
inaintained respecting the origin of such strange 
events ks are thus presented to us at our very entrance 
Upon the examination of the eatth^s strata. 

It has been frequently argued, that the deluge is quite 
sufficient to explain all the remarkable assemblages 
of the remains of birds, beasts, fish, and Vegetables, wfe 

» Vidfe Webirter, iii Geol iVans., and Sir H. EflgiefieWs Descrip- 
lOQofthQlfllQofWight 
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have just had ockasiDh to notice ; lind tb kcdoiitii; fof 
flie ocbiifretic^ of the! elephkht^ th^ crbbodile, ^nd othei* 
iLhitnlds o^ th&i descrtptibti in these ndi-theril jiarts df 
otir hemispherfe, it tafe Wen cdriceived that thfey were 
washed ftorh tit)pic^i dlimates, and btbiight to us by & 
gr6kt and bvetwhelming cui'i'ent bf Water, traversitig 
the globe in this direttioii; but these veiy thedrlstli 
tell ui$ of the formatldd of grd.v^l: of the detritidn dnd 
founding dbwn of the hardest siibiitatices itl liilture, by 
ihe loathe torrent, and yet the brgsinic remainl^ we hav^ 
bi^en looking at are fbr the most pali so perfect, that 
they tetliln all thbl^e protubetlitlbes dhd indentations 
by which the iskilful eye of the anatoinist not bnly 
detebts the part of the body to which the boheiS belotigi 
but discerns, in the tnajority of cases, the genus and 
species of the animal, by the inspection of a sitigle 
bonci. Hence it has been inferred, but the inference, 
as we ^hall see, is not without most weighty objections, 
that these animals lived and dwelled upon the very 
spbtd ih Which wd now find them. The bones bf 
elephant)^ atid othet very large animals, some ap- 
proaching to, but others Widely different from th^ 
speciea now in existence, have beetl met with iti 
almoi^t all bountriei^ Whete they have b^eh diligefiily 
looked fbr, either lu caverns peculiar tb certain rocks, 
of itl the alluvium of valleyii, and getierally, therefore, 
eithfef in, or tot far from the beds of rivers, atid lii 
islands as well as continents. Marsigli, in his HUtotij 
bfthe DaiiUbiSf has described the remains of elephants, 
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supposed to be those which Trajan carried with him in 
his expedition agains the Dacians* At the beginning 
of the last century, nearly a hundred tusks of elephants 
were dug up in an alluvial soil ia Wirtcmburg, some of 
which were upwards of ten feet long, and they were 
accompanied by the teeth aiul bones of several un- 
known animals, or extinct species. 

In Italy, the country about Verona is famed as the 
repository of organic relics ; bones of enormous mag- 
nitude have there been exhumated, and in such a 
perfect state, that we can scarcely suppose them to 
have travelled far, much less to have been submitted 
to the continuous operation of, or to ordinary trans* 
portation by water. No wonder that the ancients 
thought these were the remains of a giant race ; that 
Pliny talks of human skeletons, twenty-four feet high ; 
that Kircher describes the skeleton of Pallas, slain by 
Turnus, as higher than the walls of Rome ; and that of 
one of the Cyclops, probably Polyphemus himself, as 
having been somewhere about 300 or 350 feet high. 
The same author, and others of great respectability, 
give us the measures of other colossal personages, and 
when we reflect, that the credulity and misinterpreta- 
tion that are here so glaring are not the errors of the 
weak and illiterate, butof men of learning, and men of 
talents, of the best instructed by reading, by conver- 
sation, and by travel, of any in the ages in which they 
lived, — we cannot but be struck by the difiFerence 
between the criterion of truth, as received in those 



ages^ and at the prepent day ; a drmnlf nfenUe to 
divers causes, ]^t to none more than to the ftogress 
of natural and 9parimental science, in modem, end 
more particular^ in o«r own times. 

That the anhxahi of whose remains we are now 
speaking, actually oecopied the spots upon which they 
are found, and that their skeletcHis w^!e not trans- 
ported thither by the deluge, or by any post-diluvian 
debacle, is by some supposed to be rendered addi* 
tionally probable, by the discovery of a rhinoceros 
and of an elephant in the north of Siberia, with part 
of the flesh and ddn preserved. In regaid to the 
fermer, Pallas observes that its foot alone was coated 
with more hair than thai asQally fimnd npcm the 
whole body of toy Uving rhinoceros; and hence he 
suggealB the probability of the taimal having been a 
native of a colder dime than the torrid zone, and it 
is known that the rhinoceros in the North of India 
has more hair than the animal dwelling in the south 
of Africa. Again^ in the year 1709, there was dis- 
covered in an iceberg, on the north shore of Siberia, 
a singular mass, which the fishermen observed for 
several winters without being able to ascertain what it 
was, when in 1803, in consequence of the thawing of 
the ice, it became evident that it was a large elephant- 
like afitmal, of which one of the tusks was protu- 
berant We are indebted to Mr. Stokes for an ac- 
count of this animal, and for the drawing of the 
skeleton, from which the following wood-cut is 

F 
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taken^. The tusks were of extra ow j ftnary size and 
beaaty, and as the proprietor was content with the 
profit they afforded, he was hi^dless as to the carcass, 
the greater part of which served as a repast for the 
bears, wolves, and foxes, v^fao seem prodigiously to 
have relished this antediluvian delicacy. The skeleton 
is about 9^ feet high, and 16| long, and is now in the 
Museum of Petersburg. It was covered with hair in 
,6uch abundance, that Mr. Adams^ who rescfued the 
xemains from destruction, found no less than thirty- 
six' pounds weight of it left by the beasts of prey that 
had devoured the flesh. 

While upon this subject, it may not be irrdevant to 

' observe, that afaiaost all the ivory turner's work made 

ip. Russia, is from the Siberian fossil ivory tusks, 

many thousands of which are annually obtained on 

the banks of the larger rivers of that mighty empire. 

I have adverted to the existence of fossil bones in 
various parts of America ; those from the Ohio are 
particularly worthy notice, and were a long time con- 
founded with the mammoth or fossil elephant of 
; Siberia. But as Dr. Hunter long ago observed, and 
' as M. Cuvier has more lately remarked, though there 
.^ .are s^oog leaemblazicesty there are abo marked differ- 
' ences in the skeleton^ and the teeth especially are 
'' more like those of a oarnivorous than graminivorous 
animal ; the enamel is external, and the shape and 
structure of the teeth such as apparently to have fitted 

* Vide Vol viii. of the Quarterly Jonnul, First Series, page 95. 

F2 
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the animal for tearing up flesh, mihtr than masticating 
vegetables ; they are also peculiarly tuberculated : hepce 
Cuvier, referring this animal to a distinct geiius> has 
tsttUed it) MoMtodanUn ; he haB> I believe^ asbertained 
the existence of five or sis: apeciesi sdme of which are 
found in the Old World* 

I have adverted to the &i!)gumehts in favour of 
the e^stefice of these lahimiybi upon the spota ili 
i^hich they are bow fbund^ and have shewn reasons 
for supposing ihem there domiciliated ; but to render 
liubh an opiniou pl&usible, it must be proved that 
the climate of the northern parts Of the world was 
dnC6 Inuch Wai1ne)C than At present^ or that the 
animals themselves were endowed with very different 
tetaifemmeuts, and we are &r from being able to 
aubstantiat@ either of these iequisttes^ 

Against such aU opinion it has also b^en itigued, 
lliat very abundant remains of the same description 
hav^ bi^n discovered ia islands, and even in some of 
the smaB^ (ska of the Mediterranean, which would 
scalt^iy aibrd an elephant food for a week 3 tod dius 
it has been supposed tibat th^ idea of these animals 
havitog been at home on thets^ Metii is pkepOsterous 
an^ abisUrd: but theU) agaia^ it ib manifestly not 
impossible, that when the islands ia question Wem 
inhabited by these liirgeir animals, they Were parts of 
a continent ; and it is not difficult, as I shietU isheW^ 
^y-tad-by, to urge strong groUftds in support of such 
atbidory^ 
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Another circumstance has been adduced against the 
notion that these bones have been transported from 
other countries, which is their very general diffusion, 
and their abundance in various situations as well as 
climates ; had they only occurred in countries con-r 
queied by the Macedonians, the Romaiifl, and the 
Carthaginians, and were they the bones of the eb* 
phant only, and, forther, did they present no peeii* 
liarities that stamp them as a more ancient and an 
extinct raee, we might suppose, with the earlier specm 
lators, that they were the bones of animals vbich had 
perished in the warfare of those nations ; but taking 
the facts before us into the account, it is uusatisfaot 
tory to regard them as the victims of the restlessness 
find ambition of the human race, and they seem (as » 
modem writer has suggested) to belong to a period 
when man^s dominion over the earth was limited and 
feeble ; when perhaps the humap race was confined 
to some favoured spot, and when the elephant, from 
his sagacity and strength, ^< was the chief master of 
the earth/' 

Among the extinct species of cftrnivorous animals* 
we must not forget to mention the bears, whose 
remains are found in the cayes of Bareutb and the 
H^rtz ; the bones discovered by Mr* Whidby, in cerr 
tain caverns in the limestone of Plymouthi probably 
belonged also to bears. Nor must we omit the sin* 
gular associations of bones described by Mr. Buckr 
land in a cave at Kirkdale, at Kirby Mocirsi4e in 
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Yorkshire, among wMch tHbfefe W (h6^ hyS^tia', bfifer, 
wolf and fox, of'the'ele^liatfatr, flfindew6s, Wppopdtk- 
mus, horse, deer, rabbit, fiind Water rat, have ali^ady 
been discovered, presenting a trnly ctirioiifej assem- 
blage, and importantly dotmectdd with various y)bje«Jts 
of geol(^ical inquiry. From ihe apparently gnawed 
condition of the bones, it has been concluded that the 
den was inhabited by hysnas, and that the other 
animal remains are the bones of their prey which had 
been dragged into the recesses of the den. Cuvier 
seems inclined to suppose, that the era of these ani- 
mals was of a later date than that of the mammoth, 
and as there is no appearance of any sudden catas- 
trophe having attended their sepulture, and as they 
are unaccompanied by the bones of marine animals, 
he also thinks that they lived and died in the caverns 
which now contain their rendains. " Each cavern, it 
has been supposed, in the extensive chain of the 
Hartz and Hungarian mountains, was the den of a 
single despot, who sallied forth to prey upon the de- 
fenceless inhabitants of those woods which in later 
times, after men had become masters of the world, 
were called the Hyrcinian Forest." 

Perhaps the most remarkable unknown specieij of 
fossil animal, is the elk of Ireland, to whic^h I ought 
biefore to have adverted : it differs from our j^retsent 
elk, and from the rein-deer, in the size ^nd conforma- 
tion of its horns, the largest horns of living elks not 
being more than half the size of those found in a 
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,M,34ij^if j^^re]p(9 ai4ii9^Mty» and a great one there is^ 

. xnAj^Qns^iOl^bQtii^ md.ir^p^ns of animals of species 
DQ^, extinct,, and, in clirn^tesf and countries iapparently 
.^rejign ito their habits and constitutions^ there also 
4M^ great difficalties in framing a theory to account 
fiixr thoi alternations of salt and fresh water shells, Imd 
ibi} those prodigious accumulation^ of pebbles and 
bounded fragments^ ccmstituting the beds of grieivel 
that. Bxe incumbent upon the clay^ and of which London 
and its vicinity presents us with such numerous and 
often interesting instances. 

• X have already adverted to the notion of the alter- 
nate inroads and retreats of the sea, combined with 
the occasional existence of fresh-water lakes^ as 
having been assumed as the most easy method of 

.c«l-« f«. «.. .U.™ao„ of ^Ib Li dep^iU 
that have been discovered in the vicinity of Paris, and 
in the Isle of Wight ; but this hypothesis is open to un- 
bounded objections : the beds containing the different 
deposits closely resemble each other; the marine lime- 
stone and the fresh-water limestone, the marine clay and 
the fresh-water clay, and the marine grit and the fresh- 
water grit, present no mechanical or mineralogical dif- 
ference. < We may, therefore, perhaps, be sceptical, 
and there is much ground for scepticism, concerning 
the supposed accuracy of distinction between river 
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and sea shdh c Ae oomman teat is iheitbickatas^ 
and an extremely deIieat»aBdttbm shall iii(«iamly, aiT 
fAiohf ragiupded m a fredi^^atav deposit, -iq^lEiere it hip- 
paasito tali in with hypolJwtIs; bat we woU fcnewv 
thai fi^arsb^ am by oa meant unifonnly'lhiek^ 
Wf are viiwr-eheUft aliways thin and delieaU* < - Mf« 
Giteaaagby therefoMf ii justified in donbtb^ibe pos^ 
lihiUty of the depoattipg nenstriiaiii having: Ranged 
wMbput any oorresponding change in the deposited 
flutters f a^d In discrediting ttie probahiiity ^f a eiia 
haviQg retired before a labe» or £v Iftke haTing been 
overwhelmed and annihilated by the inundation of 
fha sea» aiithont any trace af such catastrophe being 
any in^bere visible, on the.uneonsoiidafed and un« 
resisting materials' vdiich furnished the scene of ac*« 
tioau But the alfernafion is the principal difficulty; 
for tfaa existence of lakes, at levels and in sitaations 
which they now no longer occupy, is rendered pre* 
haUe by the characters and structure of th^ sides of 
bills and mountains that bound certain valleys; and 
foere especially by the very remar]i;ahle appeamncea 
caaatituting what are termed the paralhl roack of the 
monntains of Lpchaber^. The very extraordinary 
aspect of these n^s is such as to arrest the attention 
ef the most iacavipus spectator ; and we caanet wonder 
that the sblitavy and poetioal highlander sboalcl attii* 
bnte to the ideal and gigantic heings of former days, a 
iraiifc, whiobs. acoimiiig the mfanic effiurte ei (be psesent 
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mmi nMurehes toveniba nmnntain nd the valley, and 
liol.d9 an wndetiflAing odurM o?8s crags and torrents, 

iTliese ndges or) voads are aeai in tlirte strong> 
Ihiaa> en each vide cf a leog*' bolloir, and deep valley, 
at a eeoiaklerable^elevition, and corresponding' exactly 
with eael| otheiu Among the notions of their oiigin 
aame ave pnvely imaginary, others mqy be hypotheti* 
dally f ujqpovted. It bag been supporad that they were 
made for the pleasure of certain kings of Scotland, 
who vesided at Inverloehy Castle ; and near these are 
the kettles of Ftngal, in which with ^qual probability 
ibe myal personages are supposed to have dressed 
tlieir venison. Bat althougb the magnificence of the 
object ia siieh aa to heat the imagination, and m^ 
poae upon the judgment when considered as a work 
of art we must look to some natural operation for 
the origin and cause of the phenomena, and among 
these none more plausible than the idea of the lake) 
having successively occupied the different heights in 
the valley of these roads, and having formed them by 
tl^ Gontinual action of its waters, the edges apd 
baimdaries of which they represent : of snch phcno«- 
Boena we shall offer more decided evidence. 

Tk« depeaitioDs of gravel so common in the liondon 
ba«io« and wore espedally upcm the north of the mer* 
tix^oli^i are very generally admitted to be pf aqaeona 
origln> and it has been supposed chiefly to have arisen 
from the wearing away and demolition of strata onc^ 
lying above thaw alluvial matteri» f^nd especially ftom 
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dndk flints ro«9ded by Om) atbritiofli, ^f thm^,w^9is 
which biokedown and W99hed.awftyi,'tb^. .chidk »Ui9it 
cantehied tlnem'; there k; however^ . the..pii<)fitiidi$tiAGt 
fvidemre of the more it^mole: wginal.iof thi^peibisdi^ 
£ar they contaia pebbles .very unlike dkose flioto now 
ibund in chiiik« and* tfaey />&»& present piecea of 
granitoi quartz* and ether matters^ not aDly..iKiit 
extsting in the aei^bourhood, bat very ualikely f ver 
to have fosmed strata lying ubov^ our present chalk 
beds. Some more extensive, vio}eQt> or gene?al 
cause, therefore, must have operated, as indeed is 
rendered evident by the ^inspection and situation of 
those larger and scarcer masses of rock, evidently 
rounded and transported, "which are called iouZdera.* 
these vi^ere probably much more abundant in former 
times than at present, having been removed partly. for 
the purpose of building, and partly in clearing land 
for cultivation ; but how they arrived in their presait 
situations, often far distant from their evident sources, 
and not unfrequently with hills and valleys interven-^ 
ing, is a question which can only be answered by sup-^ 
posing what may perhaps be regarded an extraordi* 
nary and unwarrantable stretch of hypothesis; — 
namely, that these boulders were rolled intp the places 
they now occupy, by some tremendous current and 
inundation^, carrying sand^ gravel, and boulders along 
with it, and whidi occurred before many of the hills 
and valleys that now lie between the sources of the 
boulders and theic present situations were formed and 
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^sfeftVated;' That our present torrents could nerler 
l^ve mdved "these mighty masses, considered inde- 
pendent of their origin atid localities, is quite obvious ; 
and hente ^ome have been driven to the necessity of 
AGSunung a sudden disruption of the chaotic oceaatf, 
attended by earthqtiakes ii^rhich rent the strata, an^ 
loosened the masses that we now find transferred 
to places far distant from their original homes ; but 
the event of the deluge will amply snffice as the cause 
of these phenomena*. 

Certain it is^ that no powers now active can be con- 
sidered as efficient for the production of our beds of 
gravel, and much less for the transportation of boulder 
stones, and that we must go back to a difierent aspect 
and state of the earth's sur&ce from that which it 
now presents, and that we must suppose planes to 
have existed where the surface is now irregular. To 
illustrate this position by actual occurrences, we must 
suppose that the blocks of granite met with in the 
recesses of Mount Jura, and which if we consider them 
as derived from the source nearest at hand, must once 
have formed part of Mont Blanc, attest the non^^exist- 
ence of the Valley of the Rhone, and of the Lake of 
Greneva, at the time of their transportation — ^that 
the parasitic gravel and soil of the island of Malta, 
attest the non-existence of the Mediterranean at the 
tiMe they were there deposited — that the blocks of 

* See an important paper on the Evidences of the Deluge, by Pro- 
f^(tt Btxcldand, in the Geological Tnuosactioat, V. 50S. 
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primitive Norwegian rocks that are scattered' over ihe 
north of Germany, Russia, and Holland, and oc- 
oasionaDy met with on the east coast of England^ 
announce the non-existence of the Baltic and German 
Sea while these blocks wer^ in motion-«-and lastly^ 
to oome nearer home, the beds of pebbles and pieces 
of granite and quartz that constitute the diluvium 
deposited upon th^ littie Island of StajSa, could pot 
have resulted flrom t|ie. flow of water in the piesent 
state of things, but must be referred to an a^itecedent 
p^od when Staffa formed part of MuIU or when the 
whole was perhaps a proipontory of the main land. 
If we imagine, say^ Dr. Mac Culloch, the ori^n of 
the fdluvial matter to be in Mull only, it still proves 
great changes; if we suppose, as sotne haoe supposed^ 
that Staffii, as it now is, was lifted from the bottpm of 
the ocean, with these pebbles and this alluvium lying 
upon it, we do not diminish our difficulty ; we assume 
changes greater than the former, and adopt fia\isea 
less, consistent with the effect* Whether the forces 
that have operated have been gradual or rapid, sbw or 
sudden, are questions which perhaps may be answered 
by an examination of the strata and their arrange^ 
ments, and as we find these apparently undisturbed, 
k is not likely that the separation of St^£fh froiq the 
adjacent islands should have been effected by any 
great dislocation, or earthqviake, or Huttoiijan force 
emfin^ting from below ; it apems to }iave been more 
gradual and traiiquil, ftud tQ hav@ i^itited frOSSL 



|)OweTS ^bicfa h&ve aot bhaiteti or di3turl)d[ tibe nsigh-^ 
bouring parts, but yiet have cut and carved aitfey th* 
intervenitig rocks. I must^ however} beg that tione 
of these remarks may be conftideml ad havitig kaf 
refereinte to the origin of the islakid itself; bat merely 
to the probable fiouice of the matters which lie upoa 
ita basaltic strata* 

Reverting to the remains of quadrupeds, &C., which 
haVe been to assiduously aud ably examined and de«- 
scribed by Professor Buckland, it must be allowed that 
there are abundant difficulties in the way of any satis- 
factory theory respecting their origin and transporta- 
tion. If We consider them as having lived and died 
in the cavets> and on '^the spots where tiieir remains 
now oCGur^ we must presume, either that their habits 
and propensities were extremely difibrent from thos^ 
of the now estistent species df the same tribes ; or, 
what is yet less admissible^ that the temperatui^ of 
the northern regions was formerly correspondent with 
that of equatorial climates. Again, if we ima^ne the 
bones to have been tmnspOrted thither by water-car^ 
riage, at the time of the deluge, how, it will be asked, 
can they have escaped attrition ? and not this only, 
for they actually retain in perfection all the tuberosi- 
ties hUd proteases ^hich enable the anatomist io re<- 
cognise them. To get over this latter difficulty, it 
has been conceived that the bones were not trans- 
ported along with the pebbles and gravel, but that they 
came safely packed and protected in their including 
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cdrcassesy floating upon th6 surface of the waters, and 
mtre afterwards deposited safely upon the mud ot 
^ayely where the flesh rotted and decomposed, aiut 
ihe bones remained uninjured* We know bow readily 
this ]und of transportation takes place, how rapid the 
carriage may be ; and supposing the temperature not 
very high, we also know that many weeks might elaps^ 
before the carcass would sink. I shall not )at present 
venture to give any opinion upon this question^ but 
shall refer to the works of Professor Buckland, a^ 
the advocate of the one hypothesis, and to those of 
Mr. Granville Penn, who has defended the other.- 

If we now reflect upon the wonderful occurrences 
which even our most superficial strata record ; upon 
ihe extinct species of quadrupeds, birds, and probably 
of vegetables, which they contain ; and upon the 
enigma which the mere inspection of a gravel pebble 
calls upou us to solve, — ^we shall not be surprised at the 
occurrence of greater difficulties, when we descend 
into those strata of the earth, of an origin more remote 
and recondite ; and I trust that seeing the insuffi- 
ciency of theories, even when applied to the simplest 
cases, I have not judged amiss in passing lightly 
over the speculative part of geology, and limiting my- 
self chiefly to its less excursive and entertaining, but 
more profitable practical details. 




Supermedial Rocks. — Chalk. — Its aspects imd vaiietiea. — Oreeitsand. 
— JroD-suHl. — OoWs.^'FortlaDii-stoiie. — Lias. — Fondia pendiar 
to these itrata. 

We may now proceed with our description of the 
strata, upon which the former materials arc deposited : 
these are the mpermedial rocks of Phillips and Coby- 
beare, and include the varieties of chalk, green and 
ferruginous sand, oolite or freestone, lias, and red 
marie or new red sandstone. 

Below the varieties of clay, the position and con- 
tents of which formed the subject of the last section, 
■we find the - chalk, which has already been stated to 
constitute the cavities or basins, in which the various 
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alluvial matters are deposited. The ranges of chalk- 
hills in the south of England are very extensive, and 
the landscape which they constitute* peculiar for the 
smooth and rounded outline of its hiUs, their monotony 
of surfkOGi and for the singular eup^shaped concavities 
and deep hollows in which their sides abound. Hie 
situation and extent of the chalk in £ngland is best 
shewn by reference to coloured geological maps*. 
Salisbury Plain and Marlborough Downs form ii 
centrei aa it werei from which the chalk emanates in a 
north-east direction^ through Buckingham, Bedford, 
lind Cambridge shires^ and terminates on the coast 6f 
Norfolk in one direction. Another branch, interrupted 
by the valley of the Humber, traverses Lincoln- 
shire, terminating at Flamborough Head in Yorkshire. 
The extreme western point of the chalk is not &r 
from HonitoB in Devonshire, whence it branches off 
toward the south-east to the Isle of Purbeck^and again 
appears forming a ridge that crosses the Isle of Wight. 
Near Hun^erford, in Berkshire^ another range of chalk 
oommences, and passes by Alton and Rochester to 
the coast of Kent, forming the cliffs between Folk** 
stone and Deal, From near Alton, another branch 
passes off> and ends at the lofty promontory of Beachy 
Head on the Sussex coast. 

In this chalk district there are some considerable 
elevations. Near Dunstable and Shaftesbury, for 

* Mr. Greeuough'tf laboii«ug nap U j^aiticUUrly x9eaimawiMi for 
general reference. 
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instance, it fbmiB hSh nearly 1000 feet above the 
level of the sea* Between Lewes in Sussex, and 
Alton in Hampahirei there afe several similar eleva- 
tions» Between Alton and Dover, the highest point 
is abont 800 feet, and the Castle Hill is about 470 
feet high. The chalk diffli near Folkstone» and 
those near Lyme in Dorsetshire^ are between d and 
eOO feet high. 

Chalk, like the strata that lie upon it, abounds in 
organic remains, but they are of a different and more 
ancient character, exhibiting many new genera, and 
scarcely a sitigle species quite identical with any that 
now exists They aie chiefly as follow >-*- 

Remains of vertebral fish, such as teeth of a species 
of shark. 

Among the testaceous moUusca, are einmonites and 
belemnites, generally in the lower strata only ; a few 
spiral univalves and severnl bivalves. 

Echini are very characteristic of chalk, and among 
them many species, and one genus, are peculiar to it. 
It also includes star-fish, encrini, many madrepores, 
alcyonia, and sponges. 

The forms of sponges and of the alcyonia and 
echini are not uncommon in the flints ; also casts of 
ammonites, and of nautili. These remains are not 
equally abundant in all parts of the chalk strata, nor 
are the strata themselves in all places similar. The 
upper beds of chalk abound in flints^ which are usually 
disposed in regular horizontal layers^ though there are 
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to have occurred to the strata, the flints ^at^^A^^^ 
nerticaltyaiYaft^edK M' m AW'^Iii^'^iP^Tf^^Aili^n 
the DersetshiiB cbascl:'^^ ]^tti(^4;U^ JkaSt limktorkiltfi 

&Dt^ mirespecd; tb^fatt><{)bc{J^MAd^ 
ace) ^neraUy spliiit^ ns^tmHiQ^i ^l|B(^Jti|0s§>f(4sidb 
bre honzoatBlwr^iii tii^>ii«ULl.stfiiei (if Miiifd^ ftdM^ 
Asthe:qipo^e>ooaat'of Dotdetsym-esdiibiC^ ^'^mPf 
BknOmi amuigiMeiitv iti8«fa«ttiely protein tJfWfeh 
chalk lidge kais once' been oMiti&odtw^ nM thatitttA 
ahodk or ' catastrophe^ that has broken it -tkiimiOtiM 
also caused those ificltnations^ and theit'veitiijtfity^tf 
the strata qnee hon20tt(B)» tliat I have- just adl^fted 
tOi < In ^tbs kwet^jchatit st»ta, the flints becoibeless 
a|>andant^ and it frequently has a gray coSour,^ and is 
ttpgiUaceou^. -^These strata may be seen near Bff^ 
id the Isle of Wight, and at Guildford and DorMng^^to 
Sunrey, and th^ lime which such chaik afiforda derive 
tertain peculiarities, as far as its use in meting moftar 
i» concerned; in consequence of its aluminens dhii^ 
meter. The greater part of the ch«9k4Mtb in 'OiiQ^ 
bridgeshire are also composed cf lhe*l6Mr^ &t)gi^ 

4 

6halk,' and they gradually pass into * a Itind'of'^tty 
d«y called ^otift, and into several varieffks'iif'^a^I^ 
laceous loam. In die beighbtKiriiodd ^ Deri, -a^d^4ii 
son^it'psrts of Ibe' I«Ie of ^¥igfaf^'l}ie flf^t'^s^As^^the 
app^^i^ance of flattened ' or t£^btllai^ mkiis^i' ^\Mi'^)^ 

in the Isle of ^gfat>''^red&' 'fobtekr''ffiiA^&M^afi^D^ 
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ttai>fti^¥t Ji»A ItliaiqiMr^ikQlirk: f|iom.aa!eaatiiiiia4 

ito)HibQ$cd^i^tiffce];«rjdin^ theeDoivooB 

HMMIity I9l}ftlblriili flmta»xeii^^faifc. depoBks of loonded 

Itiomn)!^ fMis of tlvB d|MiLk.<^rsia» aret«A»midaiiti kudiican 
|«i»iSi;(tf itb^ ^fktmQtiaii tot^hieb.the dialk bas^been 
i¥iS|>o^i7rraiid«g|sik4i|iitiQ« :to.wbidl» its. exterior flitad^ 
ti^i^ and ifi$.69fti|eas render, it.pecuU^rly, liable.) • i,\ 
(,,iLrb0(eUfl%..at and aboot 3rigibt(V) an&. paribolajrly 
jni«(Laj(l(al)l^ for. the cbaage^ iiid:deviietatMin9iWhi0h 
jth^y;,re€Oi:d« Tbe town ^twdsjapw a;bed of' fn^-^ 
9l^led ealcareous matter and fliots,' whkbi QU the 
east^is seen restirig upon sfaiii^ev conducting cbiefly 
of. flints, bat mixed with rounded. masaes of. granite; 
filial, md p^pbyry^ cemented together by erysteUksed 
Qurbooate. pf liniOi apparently derived from the .solvent 
Bfitifin of W|4^ :Kqp|on the ^uperincnmbent chalky tb^s 
^opwiiig a^/bitrd. ai^ dviralt)^e breccia. Npdnli^ .of 
ipyrite|i0a|)fliDf $ryqi^i9e,carbQn%te of liipe, are mi 
uif^S^iq^pEionifi.cih^lk^ They are of a radiated texture^ 

ftnd,tte.fett^((?flsin.i*nnwi4lyhard* .,. j ;: 

t)^ ffevwg^i^tajt^ ,^Sr.imM?h ,|-^8KfijDtiqg the.iooippasi- 
^ranf)/RP$^^Ai of ; *e^, cl^^Uq .s^ratft,, I have, iiltle. ^ 

« I'^A^b^dEi^yML'k &alikt6±^%h'iJ±ntt&e\y im^^tiibWafel^d^sMtka 

q2 



notUng to add, reUltiv^ te> tbait i9ni^ IMltll^iftK 
their inoladed fossils.- 12ie lUitaiefiiilditfhBiMI^ qI 
dittlk seem to ftQtKmaee it ttft dm^AqticfQUit di^iCNM${//tMit^ 
im mast not be Bo bold as «Dm0 gs^cJogi»ts»^whotQan^ 
dude thAt it ift the detritits ^ oofid le^ aud W'du^ 
of Shelby (HrigidaUy itatived ftotti -the ftoteiiluviail 
ooeeti» The exiatettce of vttrioua organic Dewritin. 
HAiDOuiice the existence of those aflimaU at the tima 
of its depoftiti but we never find in it tke.bonea^if 
quadrupeds, or of animals of existing species j andtliie 
oircumstance appears to dedare it of a date antenor 
to that of those superincumbent beds, whidi we eae^ 
toiined in the last sec^on^ The origin of flints^* 
their arrangement, the peculiarities which they occa** 
sionally exhibiti and the fossils they occssienally 
include, are subjects that entirdy baffle all theory, 
and it would be mere waste of time to recite the 
hypotheses they have given rise to. Like the chalk, 
however, they bear marks of aqueous, rather than of 
igneous origin ; they contain the same fossils, echini, 
sponges, and other substances found in the chalk ; and 
what is curiou», many of them are hollow, add contain 
powdered siliceous earth, provided they have no per-> 
forations; but if hoUow and perforated, they are< 
filled with chalk. 

The next beds that occur, in order of succession to 
the chalk, are several varieties of sand and clay ; the 
former is often paUed ffvem 9andp &om the fragmeata 
and particles of chlorite and green eauh tiial it oen* 



itimriirah ia i^^nsetliQcb go pimifmot an4 hard, as 1;(> 
^m ^for i^'buikMn§i4s4)ein|Ll of no trivial dar^iUty, 
1\y yvhttt ^prtent tlii4 fomaadpn accompanies the chalk 
is^IKH qiiite obvie^iftr but H ocd^tt* ifi paany pteoea on 
fh^'wedtarn sida of th^ chalb nmge extending from 
S^n^t^ira ipto Yo^kshii^^/ an^ abo upon the ooasid 
Qg'&m^U Kenti and the Isle df Wight, This sab-^ 
flhinee genisrally efiervesc^ea with acidSi from 1^ oal^ 
daraous mfatter that it contains, and is abundant ia 
organic ramain^ ; more especially those c^ the aley-* 
Cmnrnt saj^aed to be a species of aoophite, and 
seen in a very characteristic manner at the baek of 
the Isle of Wight, where large masses of this rock are 
lying upon the beg^ch, having ^len in conaaquence of 
tl^e washing away of the marly strata^ upon which they 
repose* This marie is of a blaish*-black colonri in 
the Yale pf Aylesbury in 9ncks, and in that of flie 
WHit§ tJofsci in Wilts, tfiis stratum forms a tenaeioua 
clayey ^il ; and at Shotover Hill, 0](fard» it abounds 
\^ oy^ter^sballs, selenite, pyrites, and other fi)sslls» 
Mr. Webstisr has particularly xnade ns acquainted 
with the ch^i^cters and peculiarities of this substance 
1^ %\ie Isle pf Wight, The ^andstono strata iimt form 
t^o p<^rpen(}icular recks at the under cliff, lie upon a 
^tr^tnm of blu^ m^rlp, ^hich being soft and yidding, 
ja oQcasiomily washed «^ay by land springs; the 
auperificuipbent jfook ^( course fa)ls, and to this eause 
inre may attribute th^ ruined appearance wbieb is so 
cl^aiacteriafiic pf tl^e bagk pf i}^ i4)and. And ^ioh. 
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and iHgWy pictwesqufi.^af^f^t^roit^^.jtl^t jj^^^l 

spet» At Blaak Gau^rChifi^ ^ ^f^^mBJ^mY^^ 
4be blue inahrte by tbft^:Y»t§^s.,t^t-,^t^,,iftpI%,jt|e 
Ugb^ic laud, mid jtiiwpgb ijb^ <H(W-lyif^.fl|bra^r}ft^8ff'- 

Innd »%» AS- they have been caUe^i on^.,9^ ^Jttt?^ 

.JThfi ola.y€| gr^y dbialk, and niarles,^ wjindi^e /^f^fy- 

fin^ii m i»ja»y parte, fjfjtbe country tbajt J])oynd,.tbe 

^IklkdnlWlsQarcQly ^^imt of distinction iutq 9Upt|i : 

<.jtbeyt -an^vG^arr^iore'Or less intimately mixed: >a^ith 

* igte6mMcidi;«.ndicoutaiii beds/masses^and Dodaj^pf 

.^iid3t9i}eiaii»d;limaii:on^; there all appertain to the 

' . f(isiQattioii we are now sp^aJkipg of, and lie upon tho^e 

veryexleasinse bed& of sand, commonlycallqd /erri»- 

}gmiM0rironsa!fid, of the characters and situation 

')-of'«du6h it.wfll now be right to treat more at large. i . 

! f TiuB dtratura must be distinguiabed from, the ^savd 
^Ijkif^ above ehelki as that of BkcUie^^th.lindtor^iig- 
'dMoL It. is mvch' txk6m MimtiiVie^'Bnicomt^i^ie;^ a 
faading fi^atnve of inaiiyof 4ho$e.opu9trie9 Tr];udi CC^ 
^'jtaEn-ldr bdrder upon ofaalh hijilarrltii 9j?DQ0»p9E[ni9d.»by 
•laadbfiiemiUeiidedr with ^9pne f4H^ ; 

.nra]d;fhiquJBnt]yiit«s<mie«}y ia tbnberTf^ ;^;a.?dfs- 
•tinct ' *D(riti»tion. ^A^m ' yrem i Am^^ iperfpps ,it^r ^st 
< i oheiacteirii iUs teodtctaarked M^l^ingrf<^tu,tr§i t^j^e 
) qttaiii%(4iCQMMcl*f iIO^^tbl^t $ec^opf^^5^(^^ 



^«towbftl%»o»l^(^de»dlA&«ifit 'ddttd J )paHs^'o£ -Kent 

^'^fdijfttcdf^^^i!^ ^ i^!i|I^>Tbtt§e> fltiritigino^s masses 
^'tti(P'^V^in¥^^l^fitferi^id!«mdftrit to' atid about Crot^- 

*^«Adk ffl^'IL'^rtetfgtei^biF WMd^'Dbtfer, :feaolif Head, 
^^i^iftoft'/Torlhf^te ^ttis/to'Aitfli?* cotop<5^d bPthis 
^idte'^bf^'irihdkonfe-^ere'iiftdthe^ kitermfaiglfcAwth 
other beds, but seen in characteristic is^i^Seb ^dtiUie 
-^ttia&t'tescr'ft^stin^S.' Lfeltk-fttfi- in'Suirtey^ It^ Also a 
''^dd'Spefciten bfthis ftAontttioA^r it'ri'ses to newly 
• IttOO ftl^t abbV^ the level isfiht aria > • MBoitoin Head, 
^^<ir4^ ife^ eoast of 'Yorkshire; <it^'(^in^^ aii^- devatioa of 
^4ii^Hy^ ¥800' feet; itfMeh is peirbdps^ tUe^ greatest 'hei^t 
'4^h&^^ ketnids iti England. This sabAstotie' i^ !geen 
HVf^h i!aost of its peculiarities ill the n^ighbodfhood lof 
Tdnbridge WeHft j ahd afthough iu manypliu^S'it/is 
alitit)«tbttrtenj'or only coT6red With funse and heath, 
in others, where it contains embedded or liditftfiniked 
' ^ay ^d'1$i1iest0te, it constitutes a soil not ati{A^opi- 
'45^W't6 ithd •guiwtfel Af several forest trees/ and' crfen 
^ bi^iet^i'Sty stately ^ftkff. NedrWobura, inBedfordsfabe, 
"Ihtsiafi^'iria^ely'pfaaited'Wfthfirii^ anAiheie^^tiifell 
Y^4ii'iii((^R)^^;iitev iti Suriey^'it^ ootitaini^ conttdetaUelBeds 
; ^^»1g]dtei:^s'^iE(lf j^' >Th^ «Nigai3teiieihaiiia>)i9hadifatr>con- 
%i^^ ^t^iet^^b(indiinceWm>isauldlikn 
i^oift^.' f<7llimfdiiMiatk)tf'l»&)^ beiftkced*itiithiiltle'«i0er- 
^li^tidf^^'ftdn^^it^'^iMghboiin^^ in 

^f^^tlfi^)^^<^^Sl.iNtol's/?<iu lfiatatAD^9^ It 



to 
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at SpUsby in XiipcolP9)im»l . W|() )f^« i9^ T^IJ^^ 
wber^ it reach^f the npiOi cq^M; oj^ tbftt* i?9Uiiilri5«id 

^e^ of ipl^y of diff^t^Dt tf x(ufft 4»d ^p[ipD9iiti9Q»^iiii4 
pQu^ gubstj^Q^ pyrit^j find ill fiom^ plci^^^4#abp9l 

>^i%« W X^tatowi n ijpnpiderftWfj qawtHy Pf . ft^^? 
pbAt^ of aluioio^t Oq the »outh co^t of IJnglfMa4% 
9«i for instaqq^y in t}ie Isle of Ptirbeplf , ikk ibal^ Jig 
pbu^di^^y bitinpii^Qasi ap4 forms whc^t is called Kigl* 
meridg^ coal, Org^fiic remains are not xn^ i^ i£i 
and in Wiltshire, it is asspciated yith several vari^tj^ 
pf UoMstOB^, IP wlfioh they ar^ extiemely ^bradwt. It 
iff boweyer, donbtfal whether theg^ substance shQal4 
I90t ralher be referred to the ooli^. 

The Qolitf Forpiation i§ es^tremely enitensiye^ prQr 
^eliding fron^ Somersetshire to the ban]c8 of the Hom- 
ber in Unqoh^shirQ* Carbonate of lime i§ its leading 
ingredient, irnd several of its varieties ai^ used as bnildr 
ing materials, such as Bath, Purbeck, and Portland 
»tone« Its textyre, however, in isucb. that it is gen§7 
rally easily aot^ upon by the wpathei^i l&pd it is difi^nlt 
to suggest any good criterion by which its rela^(ivgi 
dtirability may be jud^d of. It is some^mf^ si}p9Q§^« 
that a comparative estimate of i^ value and pefma-^ 
neney may bis founded upon it§ absprb^ pPW^i^ ift re* 
gl^rd to Wftter, bi|t tl|is i§ no| §lwi^§ s);ri9^y U^^^ ^ tb«l 



fh^.ilibi»i>i9«^^1^4|M&'|^^fte^ organic i«mah|B i^ 

^ iD^l^qi^M^ iW'tktlftt^^f Pbrtlaqd, three distinct 
^tmuW ll^iEOb : ^^#t)Si^; cfOled by the quarry^ 
inifi'thd i»i^/ dotiilifits 9f fi'lj^mekted and d^omposiDg 
^aBiie»Y {li^ 'itmi^^ia^y ^bceeeded by horizontal 
f^^fiim$i cdntainitig cbe?t^ flints, Cmd some fine specimens 
^'p^Fifie4 wood I below it is the useftd Portland 
ptene, In this island, the beds dip to th^ souths and 
alternate with strata of bituminous shale. The lime^ 
stones belonging to the oolite formation are of various 
degrees of granular fineness^ attd when made up of 
an agglutination of small rounded concretions^ they are 
particularly called roe-stone. 

In contact with the lower beds of the ooltte, we find 
more compact lipestone or lias^ which may be consi- 
dered as the lowest member of this formation } its di^ 
fer^nl; layers present various shades of white, gmy, 
and blue, and it is, generally^ speaking so argillaceous, 
as to exhale a strong earthy odotir when breathed 
upon. To this ingiedient, and to a portion of oxide of 
iron, the peculiarities of lime fifom this lias are re- 
ferrible. It accompanies the great oolite formation, 
and id seen extending from Ilchester, in Somerset- 
shire, by Bath and Gloucester across the centre of the 
Mngdom, terminating near Lmcoln. A little to the north 
of Gloucester, it forms eminences of more than 1000 feet 
high. These strata enclose a great variety of sea-shells 
' imA ammonites } and at Lyme, da the Dorset coast. 
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they contain the skeletons and detached bones of a 
^l^i^g^ anmialy which has genendly been regarded ^ the 
crocodile, but which Sir Everard Home has shewn not 
' to be thet animalft bnt a peculiar extinct species, 
;which5 &<nn an anal<%y that exists between its spi&e 
end that of the Proteus, ke has called ProtebradiLuil*. 
As these strata contain such remaias of amphibictis 
animals, they make it probable, in the opinions of cer- 
tain geologists,^ that fresh water and dry land existed 
previous to the formation or deposition of the oolitic 
strata^ and consequently, of course, anterior to the 
chalk hills and their varioua superincumbent sub- 
stances* 

.■ • . . ' * • 

* The remains of this animal (Ichtiiyosaurus) have been figured in 
several plates in the ** Philosophical Transactions" from 1814 to 1820 
inclusive. A more detailed account of the osteology of this genus, and 
a. descrqition.of the plesi^saurus will be foi^id in tl^e .^^ vohuim of 
the " Geological Transactions." 

The crocodile is said to have been discovered in Lias, but the fact 
vremaine doubtful, as however true species of that animal o^cur.in^etl^ 
beds associated with the oolitic series, there is no improbability in Uieir 
-oocfonring here also. 

I ^.See Copeybeare and Phillips, pert I. p. 2^6, where also will be ifnnd 
an arranged list of the other interesting organic remains that occur Jn 
the Lias. 
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SECTION V, 

Bed SuidEtone.— Qjpsnm.— Salt — Coal, — Dikes and other pecuIiiUitiM 
oTUie Coal Strata.— Ori^ of Coal. 

" Wfe haVe now cleared our way to the great red sand~ 
atone formation, or to the red marie of modem geoIo> 

^^ts,— a sbbbtahi^ of very extensive occurrence, and 
involving the history of some important depositsi more 
especially that of coal. I shall not stop here to ex- 
plain the difierences of opinion respecting the Weme- 
rian phraseology applied to this rock, but it will be 
found that a very analogous substance occurs at greater 
depths, or among older rocks, and is then emphatically 
termed old red sandstone ; the terms, new red sand- 
Btone, red marl, or the mere provincial phrase red 
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ground, being applied to tfiitt sJrfb^tion^^Kfit fblloW 
ih^ oolite, fuid wfalch we in^y noWpiDCeed to examine. 
In the finrt place, la regard to slttkatlon, die red 
marie extendsi without material iilterruptioti^ from the 
east of Somersetshire to the northern banb of the Tees 
in Dufliaip, The wap ibows the occurrence 0f 6oal 
liedii in this distHot ; the gp^At eoal forp)0.tions, or Qoal 
bMps 8fi they are often exiled, being apparently depo^' 
sited In the Infferipr pr wpuntain limestone, and covered 
by, w4 ftltemfttlng with re4 m^rte, or lome of the sub^ 
stanpei^ witti wWeh ft ii direptly erssociated, It may 
nbt be irrelevftni ta take a general view of the pesitlens 
of this reck In the §6veril eoal pgnntlesn mi te netlpe 

the other substances which form its constant or occa- 
sional accottipaniments ; and in doing this I shall make 
use of Mr. Phillips's abstract of the papers in the 
QiBologicai TranMoetions relating to this formation. 

Red sandstone generally forms a flat and low 
country, or where elevated intp hills, their slopes are ' 
gentle, and their outline rounded. In the midland 
counties, it is traversed for a considerable length by 
the Severn ; aud the Ouse and Treuti streams tribn-^ 
tary to the Hnn^ber, take a long course Uirougl^ fta 
pfoins m the north. In the south-east part of purbaiq 
i( exhibits strata of various colours, containiag coal an4 ' 
gypsum, In Westnioreland it covers a considerable 
plain on the tjrest of the range of mountains, of which 
Grossfell is the highest, and which is near the south-? 
we§tern extrepiity of the great Newcastle ppel'-field# ' 



The ^dutb^m partf, of l^iMiiBhk^, M north of 8hMj^ 
shire, and ike w]:iqle. of the intervening county of 
Cheshire, are p^incipaUy chi^acteriz^d hy their plains 
of redzaarlej in lYorcestersbire it is a prevailing 
iDopk^ as also in variooa . parts of Derbyshire^ Not^ 
tinghamshiret and Staffordshire* Without, however^ 
farther enumeration of the situations in which ihi$ 
rock occurs, a glance at a geological map. will show 
its extent, and we may now shortly advert to its con« 
tents and embowelled treasures. 

The texture of red sandstone, and I had almost said 
its colour, are veiy various ; sometimes it is very soft 
and clayey, but in parts much more lapideous and in^ 
durated, and it is associated with beds of a peculiar 
conglomerate, consisting of nodules of di£Eerent 8ub«* 
stances, cemented by marie or sand, and with a rock 
which we shall afterwards describe under the name of 
amygdaloid. It is generally unfit for architectural 
purposes, and from its softness has been in some places 
extensively excavated, as near Nottingham, where it is 
suspected that these caves may have formed the dwel- 
lings of the aboriginal Britons. 

Deposits of gypsum, or sviphate of lime, are very 
characteristic of red marle^ and this is a substance of 
no small importance as an article of trade ; the larger 
masses are occasionally manufactured either in the 
turning lathe or by hand into vases and various 
ornaments^ and are sometimes used in decorative 
architecture^ of which the colunms in the hall of 



•pi^ ,cq§^yer,.?^ru^g85fl^ efflplftji^ifbtftejpcftteri^ifdB 

Wve aj[$p b|^|3^ .fe\iQd j^rithtjSubstoaca,;, bufepQ^g^s 
1^^ i^epwifRS; J?we i^ijjhjEteq.aUcavered ifl it,, .^Ithpiigh 
tb/^e^l[e,f^.i;pwi»^^ja«ije;,^ the wagttesiafl.lijiafj^ 

stone bel(pp;jiJt,.*^^ . ,;•,;:,.., ... . . .-.i ■ ..» .-.i.^^; 

^Ijiich ii|. tolerably cooforxoAble as to ppBitioa with tbo^ 
{tjjoy^.it, au.d Ulfe then^ sefirly horizootfil.; t]ii^^s{brii^t^(9$ 
%,3Ucg/^diQgformt]ODS a^e said, ia Gmmong^Qls>m 
cjal.langapge,:to b? wncon/brawfiiy placed with wga^^tft 
^ p^ecedipg, rising from Uflid«r thei^ ,^ ^m.W^fi^ 
^ks into lofty rnountftii^ ([?bwjj8» f^r.t^ibjF.rtj^cfej(J 
^iftrle, which occupie? tl?^ ^;jftsnd^ vplaw 8$ jtfe§i& 
basest "sQ that the appearance of ^IjejWJb^^oIe.^ pj^ J;>e 
described by the figure of a sea composed of horizdXitdt 
beds of red msKrle, &c;, sunt)tmding el^vuteil fsl&nfta 
Gonsiisting pf jcprf^ of . U?^ .coajL fciii»;rfi^j^ w. i?fiurbft»iff. 
ferous mountain limestone, oM ted i^Tid^stcrtiei'tilate* 
wi granite, all Yario^sIy.fiiu4 krfig«I^$l» ^^Ht^k&p^Ji o* 



eobi^deisdM<iilb«airtofi^^ ^^^'4bnti^f jylao^,' they 

MOftA^it^ tc^'^ gti^elf eJN^h^^^in l^dthand^dfeplbf i 

#^lg&«<^£^^§^/^d^filthi^^' upwards- 'oF16,'(!K)0 ^i 

flti toBttftV»A!it^ or^0,OQ(WJ j'a fact, nbti*itli^ndihg 

agftjftsfr the suspension of' thiit eqtritibte tasf. 'A^ 
Nprth'wich the quantity ^f i^olid ^t awiuaily rais6df 
exceeds 150,000 tons, about l^OOtJof i^hleh btfe cbn^' 
sumed at home, and 130 to 140,000 exported; " ' ' 

■r 

As the Cheshire salt deposits are beldw the level' of 
the sea, it has been conceived that the ocean onc6 
coveried the districts, and there let fkU these enormdus 
iBAsses-of xhuriate of soda, and that the cky, sand- 
stone, and other substances^ have i^esulted fVonl the 
ruttt of older tocks; but the salt is not such as Wouli 
bebWiided by 'the spontaneous evaporation of such 

Water as oiirf dceah'now contains. Others regard 

■ '■.>.■■ ' ■ ' ' ' ■■ - t ' 

^ * eee an account blTfhese springs, by L* Hcnmer, Esq. 6eoL IVans. 

. f A xnovtrexnArlEable^bcnmstsxipsinilieNorthvifi^ ia tibu8.ar« 

rangement of the salt, giTuigriseio an appearance something like a 
mbMi^ #dbf tuA plfct^en^ whem it haa heen horkontkUy cut» Tbit saH- 
ia,50it^)act,,buiii} ^a.airai^gQd ii^xoundmasfes, five or six feet i^4ianiet^^. 
not tznly spherical, but. each compressed by those that surround it, so as 
to Wdtl[»yiiiiIi^<^a6%ni%ulttrp6l7fa«dMn. ' ^ ^' «^' 
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these salt-pita as the bottottm of large cauldrons, in 
which sea-water has been boiled idown by subterranean 
heat, and left the bed oF salt like the earthy fur upoti 
the bottom of a tda^ketde i I do uot know that there 
is much choice between either of these hypothesei^* 

In describing the coid^Jteldi Of England, I can only 
advert very generally to their arriE^ngement and con* 
tents. The Encyohpedia Brttiinniea contains two 
valuable articles upon this iiubject, and the details 
respecting the south-western coal district of England » 
published in the first volume of the second series of 
the Oeological Transactuna, by Messrs. Buckland and 
Conybeare^ may be referred to as the best geological 
history extant of these important formations. 

The great northern coal-district of England lies 
between the river Tees (which separates Durham from 
Yorkshire) and the Tweed, and the country slopes 
from Crossfell and Cheviots slowly towards the sea, 
the abrupt faces of the hills being upon their western 
side. The beds of which this coal-field consists 
partake of the general slope of the face of the country^ 
reaching the surface on Crossfell, and gradually dip* . 
ping towards the east, and away under* the sea. At 
Sunderland they are covered by magnesian limestone^ 
and they appear to lie in a basin of mountain lime- 
stone, abounding in veins of lead. 

The strata of the coal-basin are coal^ sandstone, , 
shale, limestone, and basalt, and they abound in vege- 
table impressions and in fresh-water shells; among 
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the former, the varieties of fern predominate; among 
the latter, bivalves like those of the fresh-water 
muscle. It may not be improper here briefly to 
notice the chemical varieties of coal that are pre- 
sented to ns in these districts, especially as relating to 
their economical applications. 

The coal which is generally most esteemed is that 
of the northern districts, Northumberiand^ Durham, 
and Yorkshire ; it abounds in bitumen, softens in the 
fire, swells^ and throws out jets of flame ; it coheres, 
and therefore burns hollow and requires poking ; it 
furnishes cinders, though but little ash. On the- other 
hand, most of the coal from the west of England 
blazes and bums briskly, being much more easily 
kindled than the other ; it requires no poking, because 
it has no tendency to cake; it afford3 no cinders, and 
leaves a dusty white ash. 

A third kind of coal called culm, or stone-coal, 
contains scarcely any bitumen, and abounds in earthy 
matter ; it is of very difficult inflammability. Besides 
these, there are some other varieties, such as cannel- 
coal, splent-coal, &c. 

There is one important circumstance observable in 
stratified countries in general, already adverted to, 
and more especially shown in the coal-beds, which is, 
that they were evidently deposited before many of 
those unevennesses which give rise to oar present hills 
and dales were carved out upon the surface, and often 
vrheie even a deep and extensive valley intervenes, the 

H 



98 poAii-sViBiJia. [St ct V. 

same strata nuniiig ia the same direction, and at the 
same leveb, are found continuous on both its sides ; 
except in some particular cases, where the valley is 
very narrow and abrupt, and its sides perpendiculav, 
and where it app^f* to have been formed by the 
dislocation and fracture of the ground, once contii- 
nuous, in which it occurs. 

In consequence of the peculiar arrangement of the 
coal stratm a liection of them often gives the idea of a 
b^sin^ or bo^t-shaped concavity, which ha? been suc- 
cessively filled with the various substances that occur 
in it ; the seams of coal vary in number and in thick- 
ness, as well as in quality, $nd the upper seams are 
generally imperfect. 

Ii) consequence of the dip of the stmta, it not un- 
frequei^tly happens that ^e have an opportunity of 
examining and ascertaining the nature of the lowest 
seam^, which» though deep and out of reach in one 
part of the poal-field, a^e superficial at another. This 
is shown at Cios^-^feUj where the crovf-eoal rises to 
day, which, in consequence of the inclination of the 
beds, is considered to be nearly 460 fathoms below the 
lowest of the Newcastle beds, a little to the east of that 
town. 

The description of one coal formation applies, in 
general, to others ; but there are certain circumstances 
which give peculiarities to some of our coal districts, 
amcmg which the istmi^woTki are deservmg attentioii. 
The ore which is here worked is the tiUuf jron-aiofie; 
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an ore poor in itadf, but deiiviog value from the 
abuodfudoe of coal tbat attoiidB it*, 

Some writers have am^^ed themselves with specula- 
tions respecting the exhaustion of our coal-mines, and 
have ealeulated the number of years, or eenturiest that 
the stock on band is li](ely to laat. When, indeed, we 
reflect upon the vast importance of this species of fuel 
in a country dependent not merely for its prosperity, 
but even for its very existence, upon its manufactures 
and consequent oemoierce; mhean we remember its 
enormous and increasing eonsxunption ; when we eon?^ 
sider that the metropolis only swallows up annually 
considerably more than a million of chaldrons, exclu- 
sively from the Tyne and Wear districts, it might 
appear that the apprehensions of ^ome worthy persons 
upon this score were not altogether without foundation. 
H is however admitted, on the other hand, that the 
Newcastle mines only, are capable of continuing their 
supply fiir another thousand years ; and if this reflec-i 
tion is insufficient io satisfy the disquieted minds of 
those who are stiU uneasy^ they may console them- 
selves with) the reflection, that there are many other 

* Ifhe argiilaceaut mnuioae oT ndnaralagkts ) it oceurtf bcth in layen 
and nodule% and although a poor ore of iron, very seldom yielding more 
than 30 per cent of metal, it becomes, from its association with coal and 
limeston^}, (snbsUnpes r^nired for its reduction,) a most important na- 
tural pradu^i ^ is the main source of the enormous quantities of iron 
manufactured in this country ; and the history of the various difficulties 
which haTp been surmounted in completing the process of its reduction, 
pTNwts on unnvaUed picture offikM, ingenuit;^, mid perseverance. 

H 2 
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districts which have oaly been^ as it were^ beg^n upon, 
and probably numeroos deposits of whiich: -vre are as 
yet igDoranty but whick will be searched for and fouad 
when wanted. Besides > which^ it may, I tfaiok» be 
calculated^ that of every dialdron of coals consumed to 
our ordinary fires, about one-eighth part is lost in the 
character of soot, smoke, and other unbumt matters ; 
so that in London only, upwards of 100,000 chaldrons 
of coals are thus dissipated and unprofitably applied to 
the contamination of our atmosphere, which smoke, by 
improved methods of combustion, might be turned to 
profitable account 

In speaking of the general arrangement of the 
coal strata, I have said nothing of the dislocations to 
which they are subject, in consequence of what are 
called troubles f or slips, and dikes ; that is, the strata 
are cut through, broken oflT, and sometimes thrown up 
on one side and depressed on the other ; the fissures 
and cracks thus produced are filled with broken stones 
and fragments of the strata, or with a hard species of 
rock called a dike, near which the coal is converted 
into a cinder, and from its cavities emits those tre- 
mendous torrents of inflammable gas, technically^ 

called blowers*, 

■ 

* This variety of carbtiretted hydrogen constitutes Die /rf-rflewtpdf* 
the mines ; and when it has any where collected so as to ceofititftttf m^ 
than one-thirteenth of the volume of atmosphere, it becomes exjilds&fv 
whenever a flame is presented to it, and the source of sndi dreadlblte 
struction, that the mind recoils from Ifae recital, Fonneriy ^ ndnersy^ 
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.. To the. probable origiQ • of .tb^se faults, or dikes, I 
shall afbrwards advert ; they reoo^d one fact, namely, 
that the coal steta, subsequentiy to having assumed 
their present disposition and arrangement^ have been 
subject to various disturbing ^causes, breaking their 

in these dangerous situationSi availed themselves of the light obtained 
by the collision of flint and steel, which, howofer, iMts by no means free 
from danger) the r^flted accidents, and their alarnung increase, 
induced Sir H. Davy to turn his mind to the subject, and he succeeded 
in discovering, not merely a perfect security from accident, but one 
vbich is easy of spplicaiion, and very simple in construction. 

His Miner^8 8afety4amp consists of a common oil lamp, tlie flame of 
which is everywhere surrounded by wire-gauze, the apertures in which 
should never exceed one-tweniietfa <^ an inch square ; the wire of which 
it is constructed may be from one-fortieth to one-sixtieth of an inch in 
diameter, and of iron or brass, but the former is preferable. Sir H. 
Davy also cdustracted some lamps of tvoUied iron gause, containing 
sixteen wires in ibe warp and thirty in the weft. This material is 
nearly as permeable to the light and air as the ordinary gauze, and 
is mudi stronger, so that it wiU resist blows and pressure. * An account 
of thesft lamps wiUbe found in the first volume of the Journal of 
Science and the Arts, p. 1 ; and in Vol. II. p. 464 ; and a more de- 
failed Mstory of the invention is printed in the " Philosophical Transao 
for 1816/^ The priucipie of tafety consists in the cooling power 

the wire in regard to flame. If a piece of unre-gauze, sufficiently 
ine, l)e held horizontally in the centre of an inflamed jet of carburetted 
Kydirogeii^gas, it will cut off the upper half of the flame, while the lower 
hali^ continues to bum ; the gas passes through the wire, and the upper 
half may still be inflamed again in the usual way, after having been so 
flir 'Coeled by the intercepting wire as to be extinguished. So, in the 
wire cage of the lamp, the gas flame continues to bum, but it cannot 
make its escape through the wire in an inflamed state, so as to cause an 
Ofeplosion. of the «skamal atmosphere. 

« tTa ih^ peculiar merits and singpilar importance of this discovery it is 
qecdleflS' to advert; it ranks among the most valuable presents which 
pMScM^hy has conferred i^n the arts ; it has already been advanta- 
glMNMlyienif lay^ in nnn^.warcely liefprQ Access^bfe^ and its use is daily 
extending. . 



fin 
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cotititiuity merely in sotne instftnces, but in dthers 
aflfecting the whole district^ and throwing it for hun- 
dreds of acres together oat of its original position^ 

Lastly, as to the sources and origin of coal. Updn 
these Bubjects geologists^ as usual^ have amply in- 
dulged their inventive faculties. Every thing tends to 
show the vegetable origin of coal, and a regular suc- 
cession might be shown, commencing with Wood, little 
changed^ and ending with coal, in which all traces of 
organic texture are lost. Yet even in the most perfect 
coal we frequently find some relic, some trace of a 
v^table, or some remains of fibrous texture that an-» 
nounces its ligneous origin. In the leaves that occur 
in Bovey coal, Mr. Hatchett^ to whom we owe many 
important observatiohs and experiments upon this 
subject, found resin and extractive matter; and what is 
more to the purpose, he found a substance havihg pro- 
perties intermediate between resin and bitumen ^ which 
he has called retin-asphaltum, and therefore pifftalcing 
partly of vegetable and partly of mineral characters; and 
more lately the same substance has been found in the 
principal coal-field of Staffordshire. Perhaps, there- 
fore^ antediluvian timber and peat bog may have been 
the parent of our coal strata ; but then, how has its 
conversion been effected ? — is it merely by the agency of 
water, a kind of decay and rotting down of the wood ; 
or has fire been called into action, torrefying the vege- 
table matter ? — and has the pressure under which this 
heat has operated prevented the escape of Volatile 
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matters, and caused them to assume the fonn of bitu- 
men ; and are those reservoirs of compressed carbu- 
lotted hydrogen which I have mentioned as causing 
blowerSf to be ascribed to such mode of formation ? 
The discussion of these subjects might be prolonged, 
but it would end in nothing satisfactory. The theories 
that have beeti invented to account for our coal forma- 
tiotis are full of weak and assailable points ; the further 
we pursue thetn, the less do they satisfy us^ and the 
more disbOrddnt do they seem with the phenomena 
th&y are intehded to explain. 

W^ should almost conclude, from the dogmatical air 
6f some ivriiers lipoh this subject, that they had seen 
the agents they speak of in active Operation ; that they 
had fathomed the depths of the globe, and measured 
its central heat ; but if we compare our planet to an 
orange, lind remember that we hsive not as yet nearly 
penetrated its rind ; if we compare it to the pasteboard 
globe of the instrument-maker^ and remember that we 
hdve scarcely peeled the paper from iti surface, — these 
considerations should dotie be sufficient to check the 
prestitnption of the theorist^ atid set bound^ to the ar- 
rogance of hypothesis. 




Hountun Limeitone — Lead meBsures— Cron Veiiu— Toadston^- 
AsgeA oT Limealoae dtstrirta — Old Red Sandstone — Orauwaclw 
■ ^irt»— Curvaturej and Cootirtiom of Stcata. 

The transition lihebtonb of the Werneriaa school 
aj^ars to be the same with that usually called 
i|0UNTAtN i.tHBSTONE by English geolc^isti. It forms 
raatiy hilly, rocky, and mountainous districts, of 
singulBily picturesque end romantic scenery in 
BHtain ; it is generally so compact in its texture as 
to. break splintery — it takes a good polish — its usual 
colours are black, bluish, ' and reddish gray; it is 
often beautifully traversed by vans of calcareous spar, 
w^icji ^vc its surface in some instances a retimlated 
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appearance ; and it is in many parts charadeiiied by 
its abniidwM^pf tf^mic resnains^ more especially by 
those of mariae animals, sndi as corallites and 
encrini. It is also rich in the matals, and, as already 
stated, is associated with oar ooal strata, fiMrming as 
it were the ground or basis open which they lie ; its 
usual geological position being under the red mari 
and above the old red sandstone: the latter rodi, 
however, is by no means always in its ^aoe, and 
instances are not wanting in which moontain lime- 
stone lies upon slate; but in that case it is voy 
scanty in organic remains, and diflSers otherwise in 
appearance from the rock that lies upon the sand- 
stone. I shall first briefly enumerate the principal 
districts in Britain characterized by this formation, 
and afterwards advert to its aspects and peculiarities 
as constituting mountain masses. 

The great patch of limestone extending from the 
Tweed to the Tees, bounded by the coal measures on 
the east and by the Cheviot Hills on the west, is 
commonly called the lead measures, in consequence 
of the abundant veins of that metal by which it is 
traversed. . Indeed the rocks which we are now about 
to.eicamine acquire a considerable degree of import- 
ance and interest as tmng the principal seats of the 
useful metals, and as abounding in this country in 
lead^ copper, tin, and some other metallic bodies. 
. .T)ie characters of the limestone of ihe lead mea- 
svuTfis are very variable ; in some phu)es it aboonds in 
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madmporitesj encrinites, and other fossils, atld is 
bahl enough to receive a polish ; in other places, from 
the previiietice of argillaceous matt&r^ it acquires a 
bliiish colour, softer texture, and loses its otgauic 
remains. In this great limestone district, the tead 
veins hitherto tvorked occupy li space of about fifteen 
miles N. and S.^ and twenty W. and B.^ aiid they run 
with little exception ^ast and West. They present 
some peculiarities which ate worthy of pattictllslr 
remark^ ^though perfectly inexplicable, And to which 
I shall afterwards more explicitly allude. Among 
these, their varying dimensions^ depending upon the 
nature of the beds they traversoi are particularly 
curious. In passing through the argillaceous strata^ 
they become narrow, and even waste ^way into almost 
imperceptible threads, which again reunite in th^ 
limestone, thicken, and often bulge out into prolific 
bunches of ore ; a vein, tiot more than two or three 
feet wide in the shale, and mixed with rocky matter, 
shall suddeiily become pure in the limestone, ahd 
widen to between seventy and eighty feet. 

Though these veins contain several varieties df 
lead ore, the sulphuret, or galena, is their bnly 
important product. The best ores yield about two- 
thirds their weight of pure lead, and often contain 
no inconsiderable portion of silver. We learn from 
Mr. Phillips, that between 1803 and 1810, the 
greatest quantity of lead shipped in any one year 
at Newcastle, was 10^52 tons— the least 3,910. 
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The average shipment at Stockton is about 3,000 
tons annually. To give a general idea of the product 
of these mine^ compared with others, it may be right 
to state that the whole of the lead-inines of Britain 
inay be considered to affi)rd an average aiinual prd« 
duce of 45 to 60,000 totis. 

This dii^trict, exclusive of its metallic veins, is 
penetrated and traversed by others, tfhich, as they 
are only filled with lapideous substances, are of httle 
interest except to geologists, and to them they hdve 
proved subjects of much discussion and some conten- 
tion. Thede veins> which generally run N. and S;, 
bften disturb the parallelism of the strata ; and, inter- 
secting thbiii, as well as the metallic veins," give rise 
to much confusion tod disturbance. In the district 
we are now upon, there is kn instance of the elevation 
of the strata to more than two fitthoms upon the side 
of such a cross vein. The contents of these vfeins 
are very miscellaneous ; and where the material they 
are filled with is miieh harder and more durable than 
the assailed strata, their course is often perceptible 
upon the weather-worn surfslce of the countiy which 
Ihey traverse. Such is the cross vein in these lead- 
measures, called the Devil's Back-bone, forming a 
Hdge that may be traced a considerable distance 
along the strata through which it peLsses. 

The limestone district of Derbyshire presents lis 
with so many points of interest and impoHance, that 
much more might be ^aid upon it than dor space here 



admits." 1 9b«U otifitomh iupoin a 'San d£-4t8>]eadHig 
f(«iifr99, . Casd^tod k«t its N% {NiiBt^moid/itiexleiidii 
about tf^^olyrfive miles SL- to WQaiHir4iiHv Its 
b|f)a()tli is^ very irregular, 1hiI» I believe, aowliefe 
e^fioeotk ahoi:^ twenty imle«. Its eastern end forms 
the ddiig^tfiil and varied scenery o£ Matlock, so 
strangely coimterpmsed by dw daU : monotony of 
Buxton at its ireatem edge. Its nordi-westera 
extr^^fa^ty is celebrated for the wonders of the 

nAnlr 

. In accounting for the varied aspect of this district^ 
we may be assisted by recollecting, first, that the 
strata of limestone differ considerably from each 
other;, and that beds of another species of rock inter- 
vene, which is provincially called toabstoi^x^ a^d 
that the respective edges of these strata come to the 
surface ; and, secondly, that the whole country is. 
there tmversed by a great fault or dislocation of the 
strata. 

Mr. Farey has described the Derby district as com-'' 
posed of four beds of limestone and three of inter- 
vening toadstone. The upper bed of limestone is in 
part bituminous, and contains nodules q{ chert ar- 
ranged nearly as flints in chalk. It contains entro- 
chites and various shells, often exhilnted in relief upon 
its weather-worn surface. Beneath it the rock contains 
beds of magnesian lime, and of siliceous lime, or dun- 
stone : and towards, its lower parts are the beds of 
black marble, which receives a good polish, and is 



mBXitAcimid int6 varimtt mMmentd tfdetes *. The 
klwMtiiiiieBtDiie^stfiitaiii k^thut wMch forms the peak 
forest^ ibe dowm of Buxton sad the Weaver-hills^ aiid 
in ftaee seveial lemaikabk - caverns^ sodi lis die 
Devil's^jiole, Bldea and Paole^s h<de, and laasy otfaera. 
Here abo tve find at Ooadetoa those cations nodoks 
and masses of flnor-qiar, celebrated for the maail- 
fiictme of vases, and a variety of odier beaalifiil 
ornamental articles, as also that very smgnlar mineral 
product called elastic biiumen; and the caverns 
abound in splendid stalactites and stalajpnttes^ whibt 
dieir waters acquire a petrifying power fifom carbonate 
of Ume. 

* Mcnmtain limestone u an excelleiiiiiiaierial for bu3d^ 
dt Its common varieties sre sufficienllf indorated to be cut into vases, 
<»Vyi^na y.piflgM, and the like. Where flftcy abowid in conlSy «Bd oClwr 
organic remains, these frequently add to their beauty. The black 
variely is sometimes known under ihe name of LucullUe, given to it in 
confieqiiance of the admiration bestowed iqpon it by Iahoom liHriitlaii 
{Fide Ptinii HUL Nat, 36. S.) Ithaa long been admired^and is often 
tastefully manufactured and ornamented by etching upon its surface. It 
is i)a0d in DabyAire, Sodierlandahire, and Oalknray, and conioBiSy 
according to JPr. John, the following ingredients : 

liUne •<• ••• ••• ••• •• •■• d«5«oo 

Carbonic acid 41.50 

Carb(HOt ••• ••• ••• •*• •*• 0.79 

Magnesia, and oxide of Manganese 0.12 
' Oxide of iron «•• ••• «•• •<• u.«d 

., ^ ., . ouica •»• ••• •«• ••• ••• ••• X»xo 

Sulphur ... • 0.25 

Potash, combinations of Muriatie') 2^25 
and Snl^wic A^eids> and Water I 
AU these limestones are converted into a more or less pure quick lime 
bytheo]^erationofaredlieat, and are thud often valuable as affinding 
ii9anl9»t| and for oilier porpowi, ■ • 



110 MSTALUe VKIVS. |;9ecU VL 

The toacbtttie of Derbysbiie is sometimes coor 
sidered as legcrfarly stmtified brtween the limestone 
faeds^ bnt uppn this salyect eonsideraUe doubts may 
be enterliaiiied, and at all events the beds, if such they 
be, aie liable to maay extraofdinary inq;ularitiea. 
The toadstoae never contains shells^ nor oiganic 
nemains, vhiqb are so abundant in the alternating 
limestone. Nodule^ of chalcedony and aeoUte, 
globules of calcareous spar, and some other subr 
stwceSf aie not uneommon in it; and however 
unsatisfactory or badequate our theories am» in 
respect to this extraordinary substance^ it must by all 
be allowed to bear the marks and characters of n 
distinct formation. 

In the cave at Castleton it forms a liycget irre- 
gularly-shaped column, which has all the appearance 
pf common basalt, and occasionally it acquires a 
columnar fracture ; so that for this, and various other 
reasons, I shall transfer the history of the Derby toad- 
^tone to that of those irregularly-occurring rocks that 
sometimes are found in primitive, and sometimes in 
secondary strata. 

The veins in the limestone of Derbyshire contain 
lead, manganese, copper, and also ores of zinc and 
iron. The proper repository of the lead appears to be 
the limestone, though it also occurs in some other 
strata, and rarely in the toadstone, in which it is al- 
ways in small quantities, and merely in strings, or very 
imperfect veins. 
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Near Bristol, the limeslono hills rise firom below <he 
red sandstone, mud aie seen forming the edges of the 
coal-basin. In some places it is very bitnminous» as 
on the Avon at Cfaep8lovr> and even esudes pe« 
troleam. 

On the Welsh coast of the Bristol Channel we have 

another ridge of limestone^ forming ihe basin, as it 

were, in which the great coal-field of S. Wales is 

situated « The hills that skirt Swansea Bay, and much 

of the delightful scenery of Neath and its neighboui^ 

hood, the sudden slope which is crowned by Knell 

Castle, and the sinuosities of PQpt-Neatb-Vaughn» aie 

cbarscteristic of this formation ; and again upon the 

banks of the Wye it constitutes scenery of a soft, but 

most romantic character. Upon the perpendicular 

and prcgecting precipices, lichens of various cdoura 

alternate with the gmy surface of the uncovered rock. 

A variety of shrubs are showered by Nature^s hand 

upon its more even, but still picturesque surface ; ivy, 

and other creeping plants, issue in gay luxuriance 

from its crevices, and its steep sides are adorned by 

every variety of verdure. The charms of the valley of 

Matlock, of Dovedsle, and indeed of much of the 

Derbyshire landscape, situated in the limestone glens^ 

baffle all description ; they have exercised the pencil 

of the painter and the pen of the poet, but all their 

addresses to the eye and to the imagination are cold 

and vapid, contrasted with nature's reality in these 

delightful spot0. 
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I have formeiiy aDuded to the occarrence of a red 
sandstone, beneath the red marie accompanying the 
coal and salt deposits. This is the old red sandstone 
of Wemerian geologists,- and its situation upon the 
lowest secondary rocks appears to give it a title to that 
term. It often appears more as a conglomerate than 
a sandstone ; that is, it is made up of coarse particles 
and pebbles, and ranges of it are somethnes seen foU 
lowing those of primitive rocks, where it is evidently 
composed of their debris. Like many other rocks, it 
derives its colour from oxide of iron. Geologists 
difer a good deal in their accounts of the position of 
this rock in England. One place I may mention as 
aflfording unequivocal specimens of it, namely, the N. 
coast of Somersetshire and Devonshire upon the 
Bristol channel, where it is seen recumbent upon slate^ 
and even alternating in strata with that rock, and gra- 
dually passing into it. The red rock prevalent about 
Exeter, and that which occurs in the vicinity of Edin« 
burgh, and which is seen in perfection at Hawthorn- 
den, have been referred by some geologists to this 
formation — ^the former probably does belong to it, but 
the latter strictly appertains to the red marl. . 

There occur in various parts of Britain a variety of 
sandstones, some approaching the nature of breccias 
and conglomerates, others slaty, and others almost 
exactly corresponding to the red marl in texture and 
appearance, whidi, when beneath the mountain lime- 
stone, and upon grauwacke or slate^ are usually, and 
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properlj enou^, oalled itaemben of &e old iandBtone 
ikmily, and is this way we may perspicuously dnpose 
of them without entering into the pedigree of the old 
red end of the new red, which some geologists hav* 
descanted upon with such pertinacions prolixity. I 
Duty, however, here itate, that sandstone does not al- 
ways intervene between monntain limestone and slate ; 
on the contrary, nttmerouB instances might be adduced 
of limestone at once recumbent upon slate, io which 
case it is generally very scanty in fossil remuns, and 
c^en passes, by a kind of insensible gradation, into 
the slaty rock. Hie dock-yaid and neighbourhood of 
Plymouth furnish such specimens. 

We here take leave of that series (^ rocks which 
Messrs. Phillips and Conybeare, in their excellent 
Outlines of Geology, have appropriately designated 
the medial order. 
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' J . The fiftxt substanee yve have to eocamitse h«ft' toecsiviid 
'lhe>iuic(Hitlir and tuHneaQiag name of '^mtiiotffffta^iit 
IB IB. TGttk which has often been regarded atf detting defi- 
>mdon at defiance, and sometimes «peciixiens not re- 
: fitraMe to ^uiy other classes^ and siibstaaces of doubtrul 
^Ciagatt bfswe been indiscriiainately considered as oE this 
luQoiiy. A rock- wkh ^rnore or less of a slaty textme^ 
hut distinguished from slate by its less-perfect lamellar 
fracture, and above all by its embedded fragments, 
I and being at the same time essentially argillaceous, 
appears to me to constitute legitimate grauwacke. If 
I found evident fragments of slate' embedded in ah 
homogeneous slate ; or angular pieces of quartz ; or of 
chlorite slate, in black slate; or here and there an 
imperfectly-rounded mass of any other substance^; I 
•should call such rock grauwacke. The mountainous 
part of Somersetshire included in its north-west dis- 
trict; the great slate formation of Cornwall; the ridge 
that follows the Malvern Hills, — ^these have sometimes 
been adduced as grauwacke, but they do not come 
within the definition I have proposed. We mu§t re- 
sort to Cumberland for illustrative specimens of this 
rock, and to the scenery of the lakes for a notion of its 
mountainous aspect. There is something exquisitdy 
beautiful in the mountains that environ the southern 
extremity of Derwentwater; their forms, tints, and ge- 
neral association and outline, are perfectly peculiar — 

they have not the craggy summits and fragmented pre- 
'•'»'■ " " ' 

cipices that belong to a true slaty texture, nor do they 
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^.fonn tiiate bdd- atasses und blocks which wiBaiiDce 
..tnoantoia-limestOQe to the eyeof thediatantobcenTer 
.-^they shew an uoiaa of softness and grandaur vwhiob 

inaiks thun as a dis^not foraiatioD} *Dd:if there' beta 
■difficulty, which there oAea is^ in deciding respecting 
-haad-^pecimens, grauwacke easy, in genecal,' soombe 

recognised, where the fontm of its hills cau be tcbced. 




Associated with these rocks, and next in order of 
succession, are several varieties of slate, which, how- 
ever, may, without any inconvenience or inconsistency, 
he referred to (he great clay-slate formation, of which, 
in England, we have abundant and grand instances, 
especially in the northern and western parts, and 
which constitutes the greater portion of the moun- 
tainous district of North "Wales. It is an abundant 



116 ASnCT OF 8LATJB. [8«sf. VX. 

rock in Camberland and We&tmoreland, but is there 
80 itttenvoiren with the varieties of grauvacke, and has 
been so completely confounded ^th that tock in geo^ 
lo^cal descriptions, that it is extremely diJSBcuh to 
draw the line of distinction between them, or to say- 
where the one ends and the other begins. The cluster 
of hiHs, however, of which Skiddaw forms the highest 
ekvatioD, may probably be referred to genuine day^ 
slate; and in Devonshire and Cornwall the granitic 
hmge which traverses the promontory like a back- 
bone, be^nning on Dartmoor, and ending at the Land's- 
end» has slate overlying it on both sides. All the 
magnificent scenery of Falmouth, Fowey, Looe, Tinta- 
gell, and of other places too numerous to particularize. 
Upon the north as well as the south side of Cornwall, 
derives its grandeur and charms from the various as- 
semblages of slaty headlands, promontories, creeks, 
and islands. Sometimes its strata jet out in bold 
ftuitastic forms upon the ocean, and sometimes gra« 
dually shelve away into gentle slopes ; their verdure is 
usually scanty and uncertain, but here and there a 
clayey soil finds a resting*place, and cherishes patches 
of shrubs interspersed with trees of loftier growth, 
and attracting the traveller's attention by the sterile 
and fragmented surface which generally surrounds 
these insular spots of vegetation. The beauties of the 
coast of Cornwall are singularly contrasted by the 
barren exterior of its central road, and great mining 
district, where we scarcely find a blade of grass to re* 
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Ueve the Uack and sombre hues of the groundy but 
\irheie heaps of rubbish, that CMice was lick m em- 
bevelled treasmes, give a ^oomy imgoiaiky to the 
surface^ and where the poodenras heaviqg of m*- 
Qhiaeiy xaises sabUmnaaean rivets to a levd not their 
own, and taming them into new diannds, enables the 
miner to arrive at those riches^ which, hot ton the 
inventive genius of Watt, wooU have remained in 
inaccessible obscurity. 

I have adverted to the confusion which has pre- 
vailed in the definitions of grauwacke, and have eo* 
deavoured, as far as concerns ourselves, to attain per- 
spicuity by limiting the extent of this term* Of its 
unlimited application, I can give no better instance 
^an is furnished by the county of Cornwall, where all 
the slate has been by some geologists, and those of 
experience and observation, classed under that em- 
barrassing and perplexing term: while others have 
entirely denied the existence of even a solitary 
cabinet specimen in the whole district Truth, how* 
ever, lies between these extremes, and tbare are, in 
several parts of Cornwall, but more especially about 
the neck of the Lizard Promontory, certain strata, or, 
as they rather should be called, beds ofarock, to 
which even a sceptic as to its existence elsewhere 
cannot deny the name : it is a rock which is slaty in 
its composition, and slaty in -its textuve, but which, 
from the fragments and particles distinctly embedded 
in the main mass, is legitimately allied to the eni^ 
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ittatical family of the grauwackes ; whife the date of 
Tintagell iahd of Camelford is a distinctly tmadttheJ- 
Tsited arid admirably defined clay-slate, and eiteem'^d 
6f an Excellent quality as a roofing material, 
' ' To the rocks which we have just considered, and to 
some others that will hereafter demand attention, be* 
longs a remarkable feature, of which Cornwall fur- 
nishes some admirable and unrivalled instances^ and' 
which is truly perplexing to every person who looks at 
and examines the phenomenon unblinded by the dust 
of books and the fog of theory. The slate is remark- 
ably contorted in some places ; its strata are waved 
and curved for greater or less extent, and sometimes 
an entire bed afiects a serpentine irregularity, which 
gradually merges into a straight line above and below* 
These contortions of the Cornish slate are sometimes 
independent of any other kind of rock-^sometimes 
they are apparently caused by veins ot'elvaUy to use 
a term of the country— by veins of a distinct species of 
Tock which is of a porphyritic character, and which 
invades the slate, as it were, from below, bending it 
into a thousand shapes^ or sometimes merely dislocate 
ing and giving a new inclination to its strata, seeming 
as if, in the one instance, it had acted upon the soft, 
yielding, and unconsolidated matter that surrounds it ; 
in the other, as if it had violently protruded itself into 
the already-hardened mass. On another occasion, 
ihh phenomenon will come more decidedly under our 
notice; the concomitant effecjts must be studied, ^s 



I^^U, a^ t^noia^ones, and tbence v^ must ep4e^yoi;i,c 
tq deiiuca an effiqieBt cafusef — at the wne^tii^e* } 
mmt herefQinarici lest I should be tbopght) t^ ii^Rpt 
the principlea of those very theories: which I, aw v^;:- 
ImBy contending with, that fsuch contortions, .^Ithopgh 
best observed in the slaty rpcfcs, are not pecuUajr^ 
them ; that tibey are not characteristic of the tran$^r 
tion-series of the Wemeriaps, but that they may l^ie 
seen, by those who choose to see them, in gneiss, ip 
mica-slate> in clay-slate, grauwacke, limestone^ basalt, 
sandstone, and shale — nay, even in the newest of the 
new rocks, as at Purbeck, in Dorsetshire, in the free- 
stone ; in the chalk at Hand&st Point, in the Isle of 
Wight ; in that of ^Montmartre, at Paris ^ in the pul- 
verulent and coaly matter^ on the road between Edin- 
burgh and Leith ; and Mr. Greenough informs us, that 
hfy found the same waving lines in sandstone, now 
forming, at Port Dinnleyn in Carnarvonshire^ 

These cur\'es are not less varied in their forms 
than in their dimensions ; they are sometimes only a 
few inches in extent, and the whole may be included 
in a hand-specimen ; at other times they extend 
many feet and yards, and even sometimes for many 
miles* Saussure, in his Travels in the Alps, speaking 
of the shape of these contortions, compares tbem to 
&^ letters Z and X, exhibiting their apgulnr and 
zigzag forms; to the letter C, shewing. their tendency 
rto oircular flexure ; and on the roa4 ^^^ Cbamouny 
, to Geneva, a perpendicular jsurfocfi ,of Jiiwfistonp, ex- 
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lubili the stfatft in one part bent into arc^% und pro* 
4acui|^ by their association with the bendinga iii 
anotber pari« a fbrm not unlike the letter S« 

These curvatures are regarded by Dr.^Hutton aoi) 
Mr. Flay&ir to have originated in the elevation of 
^e strata once horizontals while in a fle^ble an4 
ductile state, by a force actipg upon them from below 
upwards : owing to gravity i^nd th^ resistance of thq 
mass, this direction became oblique^ and the lateral 
force caused contortion ; but this view, although inge<-> 
nious, and often consistently applicable to the appear- 
ancest is sometimes, and indeed often, so at variance 
with them, that it cannot be plausibly entertained aa 
a general cause: among the leading militant instances^ 
we may advert to the existence of curved upofi 
horizontal strata. Near Malvern, limestone, much 
contorted, rests upon strata quite horizontal. Mr* 
Greenough adduces, as another similar instance, the 
singular stratification of Mont Righi, in which hi^y- 
curved limestone rests upon strata preserving perfect 
horizontality : how happened it, then, that a forces 
adequate to the flexion of one part of the limestone^ 
elevated more than 7000 feet above the sea, should 
not have affected the inferior beds? A case still 
more opposed, and indeed, if admitted in the abstract, 
fatal, to Dr. Hutton's theory, may be seen upon the 
west side of Loch Lomond, where veins of contorted 
slate traverse strata which are not contprted, nor even 
disturbed. But if the Huttonian geologists are un- 



satifirfaetorjr upan Ibis point, the Wemeriaiis are stiU' 
more ^0$ indeed; quite uoiptelligible. The cbntortioo 
of the masses, they tell os^ is the result of crystalliza^ 
tion! 

The authors of these h]^theses to account for the 
headings and inflexions of strata^ these contortions to 
which rocks are liable, have too frequently bent and 
distorted the facts to fit them to their own pecuUar 
notions; and they have too often, evidently, attempted 
to explain appearances referable to several causes, by 
the assumption of one power. 

If we consider the strata in which they occur to 
have been once in fusion, in solution^ or in diffusion, 
the relative times of consolidation, the warping and the 
shrinking of one substance, as compared with others, 
may have had its share in producing these mysterious 
irregularities. 
. If slate be a deposit of finely-divided matter onoe 
raech£rnically diffused through water, its irregularities 
may obviously have arisen from some irregular agi'- 
tation of the water during its deposition^ like those 
undulations in the sand upon the sea-shore, which are 
obviously occasioned by the waves. 

I have now, probably, said enough of the curvatures 
of strata, to excite attention to the subject, and more 
than enough to shew how inadequate are the theories 
which have been assumed to account for them. If, 
by saying more, I could throw more light upon the 
sulyect, I would proceed; but the further we infesti* 



gat^tbe-fucts^ Ihe more incoiignioiis ^and ioexplie«Ue 
fv«9ui)i they app^r: I am, indeedi already ^appce^ 
hensive that I may sometimes fatigue the attentioo^ 
hy «$king it for opiiuona rather thaa things; but 
gc^ological hypotheses ar/e apt to run into rank 
luxuriaiice, if not occasionally trimmed ; and .though 
-great authority and exalted talent has sanctioned much 
Uiat I have presumed to doubt and attempted to dis«- 
proye, it must be remembered, that many of the 
opinions which we have been called upon to combat 
and to reject were advanced in the feeblest infancy of 
the science; and from the known candour and 
scientific integrity of many of those with whom they 
originated, there cannot be a shadow of doubt that, 
if opportunity offered, they would frequently recall, 
modify, or resign them. It is, at all events, our 
particular province and duty to direct- our humble 
endeavours towards establishing, as far as may be,^a 
strong line of demarcation between facts and opiniona] 
to take care that genuine science, which aims at.tJuQ 
interpretation of nature, is not checked by the crudities 
of modern scholastics — that the roses are not smothered 
by brambles. 

Cornwall has been cited as furnishing upon its 
coasts favourable specimens of lowland clay-sklie 
scenery ; its mountainous aspect is seen to great 
perfection on the western side of Wales, whefe 
Snowdqn, Plynlimmon, and Cader Idris^ with .many 
of, .their i^espectable associates, present the tpedtied 



i^nfittlttB, 4h6 ^rk and Barrow vallieys, the ieififii^ 
preotpiced, and the fragmented slopes that pecidiariy 
tekmg to thid formation. 
'Slate is often traversed fay veins rich in the metals, 
and abundant in fine specimens of various crystallized 
minerals. It is matter of doubt whether it ever 
contains oi^nic remains, though the impressions of 
some bivalve shells are said to have been found in it. 
I am, hbwever, rather inclined to believe that these 
impressions are either in grauwacke slate, or in that 
which borders upon and passes into limestone, and 
that genuine clay-slate is destitute of shells — a fact 
which appears opposed to its imaginary aqueous 
origin, and which has given rise to the presumption 
that the ocean was uninhabited by living beings at 
the time that this great deposit was produced. 

Not the least important fact in the history of the 
rocks which have now been considered, is their 
gradual, and often insensible, transition, as it were^ 
into each other; for it furnishes us with a strong 
atigument against many of those speculations into 
V^iish some geologists have entered respecting their 
origin and formation. The gradual migration of chalk 
into clays and sandstone, and of these into oolitic 
dieposits ; of oolite into lias, and of this again into 
limestone, is visible in many hand-specimens, and 
there are equally well-marked instances of the tmnsi*- 
tion of clay-slate into red sandstone on the one hand, 
Undon die other into mountain' limestone and intb 
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grauwacke : so that those rigid lines of dfiinarcatk»i^< 
and sudden transitions, which the student might be 
led to expect from the perusal of certain systematic 
geological writers, are not in general to be met with in 
nature. 

Another circumstance by which some of the rocks 
we have jost considered are distinguished from others. 
p.nd more especially from those formerly described, is 
the defalcation of oiganic relics both in quantity and 
perfection. The shells and corals, so abundant in the 
mountain limestone, are not blended with any kind 
of bones, nor are there any vegetable remains ; and ia 
the underlying sandy and schistose formations a soli-* 
tary shell now and then occurs, whilst in the mica- 
ceous slates, and the rocks belonging to the granitic 
family, which next claims attention,* there is neither 
shell nor coral, nor any impression or semblance of 
any thing that has ever appertained to the organized 
kingdoms of nature. The gradual transitions of one 
kind of rock into others on the one hand, and their 
sudden and abrupt lines of demarcation on the other ) 
their verticality in one place, and their horizontality in 
others ; their occasional resemblances, and frequent dis- 
similarities, are a few of the circumstances which will 
lead the cautious and unprejudiced observer to dis- 
trust those accumulations of hypotheses which have 
sometimes been dignified by the title of geological 
theories, but which, in assigning opposite virtues to 
the same subject, are alike at variance with nature and 
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with themselves — they are systems which might pass 
for the inventions of those ages " when sonnd philo* 
Bophy had not as yet alighted on the earth, nor taught 
man that be is but the bumble minister and interpret 
ter of nature *.'' 

* I have said above that organic remiuiiB are netrer found in the 
inferior order of rocln ; and that this constitiites one remarkable pect^ 
liarity of the series. Some exceptions to such a statement are men- 
tioned by some of the earlier writers on geology^ but they were mani* 
festly mistaken as to the true source of their specimens in some eases, 
and in others they describe deceptive appearances. The only observa- 
tion of this kind to which any importance can be attached, has been 
made by Dr. Mac CuUoch, who describes a bed of limestone containing 
organic remains, as lying under gneiss, in one of the Hebrides : but tiie 
leontortions of the gneiss strata, of which he has given a sketch, are so 
^!emarkable, and their flexures so considerable, that they are often beilA 
back upon themselves, and it is consequently very possible, that rocks 
which, as to position, are actually superior, may appear in places to be 
inferior. At all events, there appear no groxmds for supposing any ex- 
ceptions to exist as to the correctness of the general statement given 
above, respecting the absolute non-existence of the slightest traces of 
any kind of organic relics in the inferior order of rocks, that is, mica- 
slate, gneiss, granite, and their associates. 




SECTION vn. 

Granite; ita varieties and aspects. — Gneiss. — Mica-elate. — Syenite — 

Porphyry Marble.— Serpentine.— Quarti Rock— Granite Tors.— 

Deeompaaing Granite.— Auociatiou of Hock« in Gleatfli — Thro. 
riei.— Rocks at the Fall of Fj'ers. 

Wb have now ariived at the primitive formations of 
the Wernerians, at those strata, or rocks, upon which 
all others appear to rest, and whioh, towering ap 
through the superincumbeDt substances, form the ex- 
posed pea^ and loniest summits of the principal 
mountain-chains of the world". Whether these rocks 

* The highest mouoUinB in Britain are composed of granite and its 
assodates ; but these are mere trifling protuberances upon the eoHli's 
face, when compared irith the exceeding heights of the Alpine chu{<i 
or the yet more elevated mountaina of South America, and of the 



SectVn.] GRANITIC R0CK8. 127 

are to be regarded as origiutd formations^ upon which 
the other stratified materials^ have been s nccessivd y 
deposited in that order of arrangement which we 
have enumerated ; or whether the stratifi^ rocks ar^ 
to be considered, with the Huttonians, as ptifnarj/y 
and ther granitic and other toasses that wfe are abou,t 
to examine, as having been subsequently elevated by 
the expansive force of subterraneous heat, are ques- 
tions that have eagerly engaged the contending geolo- 
gical schools, and to which too much importance has 
often been assigned. As we proceed in the examination 
of these substances, we shall notice such of their cha- 
racters as have especially given rise to the igneous and 

Asiatic continent, which consist of the same maieri&ls. Ben Nevis^ the 
loftiest of the British mountains, is situated in the south of Inverness- 
shire, and is four thousand three hundred and seventy feet high. 
Cairngorm, in the same county, id four thousand and fifty feet hig^. 
lloni Blauc in Switzerland has it peak elevated fifteen thousand six 
Ijiundred feet above the level of the sea; it is the highest moumtain 
of Europe ; Chimboraso, the highest summit of the Andes, is twenty 
thousand two hundred and eighty feet above the sea's level. 

The highest known mountains in the world, are those of IMbet, 
constituting the Himalayan chain. They are alluded to by Colonel 
Kirlqpatriek in his history of Nepaul, and an extended and interesting 
account of them has been published by Mr. ColebrookA in the Asiatic 
Researches, Vol. XII. 

Of this chiun, the highest peak, covered with eternal snow, is called 
Dwawala-giri, or VtThite-mountsdn ; it is the Mont Blanc of the Indian 
Alps, and rises to the astonishing altitude of twenty-six thousand four 
hundred and sixty-two feet above the level of the plains of Gorakh'ptir ; 
or upon the lowest computation, twenty- six thousand eight hundred and 
nxty-two feet above the level of the ocean. This is about six thousand 
feet higher than Chimboraso, eleven thousand feet higher than Mont 
Blanc, and twenty-two thousand feet liigher than the most elevated 
(teak of the British dominions. 
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ftqaeous sects; but, as heretofore, I shall consider 
hypotheses and theories as very subordinate objects. 

Under the term granitic formfttioni I include, not 
merely granite^ properly so called, but the substances 
into which it merges, either from the predominance of 
one or other of its ingredients, from the loss of one or 
other of them, or from the occasional addition of some 
new mineral | and I shall also include, in this division 
of rocks, those substances which are their occasional 
accompaniments : such as serpentine, marble, and pri-» 
mary conglomerates; rocks always, and exclusively, 
associated with the granitic series, and unknown 
amongst those formations in which organic remains 
are to be found. 

Under the generic term granite^ we include all crys« 
talline aggregates of quartz, felspar, and mica *, 

Quartz, or siliceous earth, known in its crystalline 
form under the name of rock-crystal, has already been 
defined. . 

Felspar is a compound body, of which siliceous and 
argillaceous earths are predominant ingredients: it 



* Some have regarded granite as a congeries of crystals of mica, fel- 
spar, and quartZj accidentally blended and united : the inspection, how- 
ever, of the rock, would rather lead us to infer that all its materials 
have been together in fusion ; for we find in some granites the quartz 
impressed by the crystals of felspar, and in others the felspar receives 
impression from the quartz. Ih:. Hutton has looked upon tliis as de^ 
momirating the igneous fusion of granite, for, (says Mr. Playfair) 
«' had the materials been dissolved in water, one kind of crystal ought 
not to impress another, but each enjoy its own peculiar shape." This, 
however, I do not hold to be sound argument. 
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fnmftHy imrtttfis a Mllle Vme and piUiilii aiirt hi 
often allowed fay mttmie poirtkMi» ctxaMn of iMi*. 
SomeltBMs it k fomd crywtiilMtrni, lAen it UMininiiii 
tbe foi9^ dP fiHii and siB-Mded prisms berdBed on die 
eadveimiHM; its usual cdoars ate rtd^i^liile^ and gtmf. 
It is softer than qoarta^ bitl harder than glaift^ aiid lb 
charaeteristically auffked by fisnWity befeie tha bloU^ 
pipe. 

Fekpar b atery importaiit jf^redieat ia many lands 
of pottery ; and the sabstaaee ased by tiie Chittes(^» 
nnder die name of peiuniz, is probably of a simOar 
nature. The decomposing felspar of Gorawall n 
abundaatl^ employed in Ae Bnglidt porcelain mano-* 
factories, and as it contains no iron, k retains its peifect 
whiteness. According to Mr. Wedgwood, it consists of 

60 Alnmine^ 

20 Silex, 

20 Moisture and loss. 
There are some beautifal varieties of felspar em-* 

' In a fine specimen of pole flesh-red felspar, from ISie Alps, crys- 
tidlized in tiie fbrin of the oblique fbtOMsded prism> I finind the Hb&ow^ 
ing constituent parts : 

Silex . . . 68.00 

Almnine . . 20.00 

Potash • . . 8.30 

Lime . ... 2.00 

Oxide of nrotf • • 0.50 



99.00 
LoSH 1 



100.00 

K 
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ployed in ornamental jewellery, such as the giten a«d 
blae of Siberia and America ; the foliated, pearly, or 
resplendent felspar* called adalaria and moonstone ; 
and the felspar of the island of St. Paul, upmi the 
coast of Labrador, distinguished by the property of 
Inflecting very beautiful colours when the light &Ils 
upon it in certain directions. Felspar is an importaat 
component of several other rocks, besides granite. 

Mica, the third of the essential ingredients of gra« 
nite, is a well-marked compound mineral, consisting 
principally of argillaceous and siliceous earths, with a 
little magnesia and oxide of iron. Its texture is. lameU 
lar, and it is easily split into thin, flexible, elastic, 
and transparent plates. It is so soft as readily to yield 
to the nail : it is sometimes met with crystallised • in 
four and six-sided plates and prisms. Its usual co- 
lours are shades of brown, and gray ; sometimes it is 
red, and sometimes black. In some parts of Siberia 
mica is copiously quarried, and is employed as a sub<- 
stitute for glass in windows and lanterns. It has been 
thus used in Russian ships of war, where it has the 
advantage of not being shattered, like glass, by the 
discharge of artillery. The extreme tenuity of the 
plates into which it may be divided, and their elasti- 
city, renders it very useful for the enclosure of objects 
to be submitted to microscopic inspection. 

The characters of granite depend much upon the 
perfection or prevalence of one or other of these in* 
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gVictoitB, Their aggregation in the crystallhie'form 
is, in some specimens, distinct and well defined, in 
plhers^ imperfect, forming what are usually called fine 
and coarse grained granite; large crystals of felspar 
sometimes prevail, and from these the leading hue of 
the granite is derived ; or where mica abounds, the 
iock acquires a lamellar and slaty fracture^ and is then 
called gneiss; where the felspar is very sparingly dis- 
seminated, or altogether wanting, or where garnets 
supply its place, granite is said to pass into ndcc^slate^ 
and this again into quartz-rock, by the partial or entire 
disappearance of the mica. 

Hornbletide is an aluminO-siliceous mineral^ con- 
taining magnesia, and abundant in black oxide of iron ; 
it f(Mrms prismatic crystals, which are sometiines blended 
with granite, and sometimes with felspar only, consti- 
tuting syenitic granite and Syenite, and wher6 crystals 
of £slspar are embedded in nUBssive felspar, quartz and 
hornblende being occasionally superadded, but not 
predominant, the rock is called porphyritic, or por^ 
pbyff/4 . It is right here to advert to syenitic and por- 
phyridc rocks, as associates of the granitic formation, 
though we shall find that there also exists a very close 
resemblance between them and some of the varieties 
of ^eenstone, included in the family of trap rocks. I 
have also mentioned marble and serpentine, as accom- 
{tanying granite. The former is here distinguished as 
primitive, in opposition to the mountain limestone, 
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vUdh aboands in organic remains, and lies above the 
slate ; the primitive is granularly foliated in its texture, 
and without any trace of fossil animals or vegetables ; 
it 18 celebrated as a material for sculpturei when white 
and fine*grained, and is^ in all cases^ a valuable oma-> 
mental substance. 

The most esteemed varieties are perfectly white, and 
free from veins ; somewhat translucent, and susoep-" 
tibie of a good polish. These marbles are imported fof 
omamental purposes^ especially for those of the sculp- 
ton Nearly all the sublane works of the Grecian ar- 
tists were sculptured in the marble from the Isle of 
Fliros in the Archipelago. Next in point of estima- 
tion is that of Carrara, in Italy*. Of the coloured 
varieties, that c^ the Isle of Tiree, is extremely beau-* 
tifid ; it is of a pale red, spotted with green hombl^ade. 
Marble is found in several parts of Scotland, and id 
acme places of characteristic beauty, and alternating 
within small limits, with other rocksw In Inverary 
park, it may be seen in contact with mica slate and 
porphyry. Serpentine and marble ate som^mea 
blended together, and they then form a valuable com^ 

* WMte marble is quarried in difihrent parts of the Alps. Near 
{he Bmnmit of Mount Cenis, it is fotmd fine grained and mica- 
ieoos. Tbien aEoe qoanrai in tiM ValUtf, and npoi the Italian aim 
of the Simplon, and in the hiUs surrounding the Alpine extremity 
of Lago Mag^ore. Hence, is obtained the beautiful marble of which 
te CaaMdral of Ifilan is built, jaMl likewise that intended for tiie ooii»- 
pletion of the triumphal arch^ commenced by Napoleon at the northern 
entrance of thai Capital. In some places it contains intersfpersed 
hornblende. > 
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pound for ornamental purposes. In the splendid ser* 
pontine of Anglesey, patches of marble are found, 
which much enhance its beauty. A very remarkable 
marble quarry is that of Icolmkil, or lona, " that il- 
lustrious island, whence savage clans and roving bar« 
barians derived the benefit of knowledge, and the bless- 
ings of religion.'' Syenitic rocks constitute its lead- 
ing feature, but at the south-west point of the island 
is a bed of marble about forty feet wide, bounded by 
vertical walls of hornblende rocks *• Near it is a xnaia 
of homstone, and above the whole protrudes an im- 
mense vein of granite, surrounded by the marble, but 
from which it has been loosened^ so as just to admit a 
{)erson t6 pass between the two walls. That they havi^ 
once been in contact, is proved by the granitic pro* 
tubemncea having correspondent indentations in the 
marble, and vice versa. 

Serpentine is a rock, concerning the characters and 

* The marble is of the spedes called dohmife, distmgtdshed'from the 
ime pnmaTy nuorble or gnuwlav limeftone, by the tuakf Mgnmeom 
excited by poqriog muriatic add upon it, and by its oontainiog ia4|^- 
neaa ; it is also finer grained, and its fracture more splintery than thai 
of common marble. The dolomite of lona yielded to Mr. T^noantj 
Carbonic add • 48i)0 

Lime . . 31.12 

Magnesia . 17.06 

Insoluble matter . 4.00 

Phil. Trans., 1799. 
The dolomite of the Apennines yielded to Klaproth, 
Carbonate of Ume 65 

Carbonate of magnesia 35 

BeitxVgia B* 4. 8* 2l5a 
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relations of which geologists are somewhat at variance. 
Hornblende, or st^dler-spar *, and fekpsr, appear to 
be essential to its constitution, and perhaps also talc ; 
and these three snbstances are sometimes distinctly 
visible, like the three components of granite ; while, at 
others, the rock is so fine-grained as to be nearly 
homogeneons ; its variety of colours, whence its name, 
recommends it as an ornamental material, but it is too 

* Schi/Ur tlone, or tchiller tpar, is a term bma the Germani, im- 
pljing glistemi^ Of changeable Bpar: it is one of the nrietiea of itti/- 
lagt of the Frendi authon ; it ie a nlicoAnngiDoua foanl, coniaiiiiiig 
44Silei, 

24 Iron, 

12 Magnena; 
ita cotonr is daik gceen ; its usual lustura is semi-tiietalic:, vaiying ae- 
ccs'^ng to ita poiitioii, in regard to inddent ligU. 
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soft to admit of much polish. The bright-green vane* 
ties, interspersed with white marble; form the verde 
antique, to which some of the serpentine of Anglesey 
bears a resemblance; and those varieties which are 
comparatively hard, and brilliant in their colours, are 
daBed Twble serpentine *. Talc, which I have men- 
tioned as a component of serpentine, is laniellar; 
but its lamina, unlike those of mica, are not elastic^ 
and it has the soft soapy feel of a magnesian fossil. In 
composition it differs little from the steatite f, which is 

"^ Of nobk aerpentincy the folbwing analysis has been given by Dr. 
Jiohn. 

SiUca . . 42.50 

Magnesia - - 38.63 

Lime • - 0.25 

Alumina - • 1.20 

Oxide of iron - 1.50 

Oxide of manganese 0.62 

Oxide of chroma « 0.25 

Water - - 15.20 

99.95 
The following is the anal3r8i8 of common ierpmiinef by the same 
chemist 

SiUca ' - - 31.50 

Magnesia • - 47.25 

Almnina - • 3.00 

Lime - • 0.50 

Iron * • 5.50 

Oxide of manganese - 1.50 

V^ater - - 10.50 

99.75 
f^e Chemische Untersuchunge. Th. U.S. 208^ 94. 
4 Steatite is a substance of ^ti£ferent tints of grey and green, and from 
its very ffwgnlar unctuous feel, has been called soap-stone. It is some- 
what abundant in the serpentine of Cornwall, one of the masses of which 
is called the soapy rock ; it was hew carefully collected for the porcelain 
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bMi pMwadifig Berpebti^e in veiBa, wd which, ia 
mmy pwrts of the lizard aeipentine district in Cora-* 
waU» is accomiNiaied by veins of a rock aometimes 
Ipcduag like the massive felspar^ and at othens becom- 
i|ig porphyritic, pr even assuming the characters of 
granite. These ure very carious facts, and it reqairea 
some forbearajice to pass them over merely as such, 
^thont considering the theoretical viewi^to which they 
lead. 

J ^an lyurdly he induced to regard marble, serpen- 
tine, porphyry, or even syenite, as dbtinct formations. 
Sometimes they appear as beds or detached masses, 
varying in magnitude and extent | at others they look 
like modifica^oJD^s of sqme other rock* Quartz rock, 
too, which is said to form entire mountains^ as in Jura, 
in Wicklow, a^d elsewhere^, and which are charac- 
terized by their conical form and insulated appearance, 
is seldom free S^vpl mica^ and often may be traced by 
ligillair gfa4atiQn into mica*slate, and this into gneiss 

works of Swansea^ in ivhich it f onned a very- important ingredient. It 
also occurs in the serpentine of Banft Varieties of this substance are 
the nephritic stone,^ or jade^ and the axe-stone^ employed by the natives 
of the South-Sea Islands for ™n.1fiT|g cutting instnunents. According 
to Klaproth, Cornish steatite consists of 

SUica - . 45.00 

Magnesia - - 24.75 

Alumina - . 9.25 

Iron - - . 1.00 

PotMfl^ , - 075 

Water andkm . 18.00 

98 75 
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jfnd granite. B«t I thipw out tliese obiervationg, |i0t 
with the intent of speculating upon t^bem, but mev^y 
to simplify the history of priipitive rocks, and to shew 
that the occasional recession or addition of one ingre^ 
dient may give the whole mass a new character, mine-* 
lalogically speaUng, without entitling it to rank as a 
new formation, geologically considered, 

Haviqg, therefoi^e, pointed out the oompositioa of 
these rpcksy as far as necessary to their definition, it 
remains to notice their aspects as mountain masses, 
to examine the circumstances that attend their junof 
tions and alternation!;, and lastly, to ascertain how far 
the received tbeories of their formation are consistent 
\dth the appearances which they pre^en^ and uppn 
mrhich the Wemerians and Huttonians must be re* 
garded as mainly differing* 

The largest granite tract of England ia that of De- 
vonshire and Cornwall, where its sides are covered by 
slate, but where it rise^ in several plaqes to the i^nr- 
face, and also forms the rocky promontory at the 
Land's End, There is here nothing either pi<:turesque 
pr sublime belonging to the granite formation, Dart-r 
moor appear? the head«quarters of dreariness and d&* 
eolation, forming a large mountain tract of nearly 
80,00Q acres, in extent, stretired with granite boulders, 
afid fragments of rock$, and appearing to set cultiva- 
tion at defiance. 

This granitic district is nowhere of any considerable 
elevation; its bigbest j)Qint i? the hill called Browa 
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WiOey, near Bodmin, which is about 1360 feetabove 
the ocean's level. 

The peculiarities of the West-of-England granite 
are best seen at the Land's End, where a large plitclr 
of it protrudes in a wedge-shaped promontoiy upon 
the coast ; it appears formed of fragments and masses 
placed upon each other in the rudest disorder, aiid 
sometimes in fantastic piles and insulated blocks, 
which, though arising from the peculiar manner in 
which the rock is decomposed and dislodged by the 
weather, have been mistaken for monuments of ancient 
heroes, and for druidical remains. 

These Tors, as they are called, have been described 
by Dr. Mac Culloch in the Qeological Tramactions^ 
and some of them are depicted in the engravings an- 
nexed to his paper. One, called the Cheese-wring, 
at Liskeard, consists of five blocks, of which the upper 
are larger than the lower, the whole pile being about 
fifteen feet high. The stones composing this, and 
other similar piles, suflFer by the action of the weather 
most rapidly upon their edges and angles* which gra-* 
dually become rounded, until the blocks begin to totter 
upon each other, and ultimately fall. This tendency 
of square blocks to become spheroidical, and which 
has sometimes been mistaken for the effect of friction, 
explains some of the mysteries formerly adverted Vy 
respecting granitic boulders, and shews that attrition 
by torrents, and transportation by streams, are not 
always essential to their rounds appearance^ tbt 



Sku yiL] DECOMSOOiNa oeanite; 199^ 

celebrated logging-stone is also noticed in Dr. Mae 
CuUoch's communication. It exhibits, the tendency 
of this kind of granite to cuboidal separation, and 
ahbongh seventeen feet long, thirty-two and a half in 
cifdunference, and weighing sixty-five tons, may be 
moved by the force of a few pounds,, and visibly vi^ 
Inrates when blown upon by a western gale. 

Though granite is in general a very durable rock, 
and though the permanence of the lofty peaks of the 
Alps, and other great granitic chains of mountains, is 
such as to have enabled them to. weather those storms 
that have carried away and disintegrated much of the 
softer materials of other, and probably of superincum- 
bent strata^ yet there are some varieties of granite sub- 
ject tq moulder down, and that even with no inconsi- 
derable rapidity. De Luc 'talks of the friable granite 
of the Hercynian forest, and Saussure describes the 
mouldering down of that in the Alps. The waters of 
the Arve are rendered milky by the pulverulent felspar 
that comes from the AiguiUes de Champuny, and 
other points that border the Mer-de-Glace. The road 
across Dartmoor, flfromAshburton to Chagford, tra- 
verses in one place such loosely-compacted granite as 
to resemble a bed of gravel The granite of the 
Carglaise mine near St. Austle, in Cornwall, is so soft 
and pulverulent, that the excavation might be mis- 
taken for a chalk^pit ; and in the same vicinity, the 
immense quantities of white porcelain-earth, as it is 
called, is of similar, origin, and seems derived from the 
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perisfaftUe natufe of the felipar^ which, giving way, 
lufien the quarts and mica, to fall out. To what tho 
extreme proneness of some kiadi of granite to aufier 
decay^ while others are as remarkably permanent, is 
to be attributed, does not seem quite clear; but if I 
mistake not. Sir H. Davy, in his geological lectures 
delivered in the Royal Institution, considered it to 
arise from the alkaline matter of the felspar bdng 
predominant, and yielding to the solvent agency ct 
water. 

Independent, however, of chemical composition, 
mere mechanical texture^ and the general aggrega- 
tion of mountain masses, has much to do with their 
respective durabilities. Where the arrangement of 
granite resembles that prevalent in the greater part of 
Cornwall, water gradually penetrating between the 
blocks and masses, freezes there, and thus slowly re^ 
moves them, oc transfers ihem to unstable ground * : 
while the firmer lamellar texture of much of the 
Scotch^ Alpine, and other varieties of granite^ denying 



^ ^ The aflBmrei that occur between the Uoeke imd nuunee of the gnu 
nites, porphyries^ and similar rocks, often retain water, which in the act 
of freezing expands so as^ notwithstanding their magnitude, with pro- 
digious foree to aeparafte them from each otiiier ; fheir edges and angles 
become thus epen to the further attacks «f the weather, and by a slow 
dislodgement they fall into the vallies or rivers, or are at once cast into 
ifae odeon. Where the materials are of a more yielding and fran^le 
testure this destruction is propgrtioiumy xaipd ; the influence of tb^ 
weather upon slate mountains is often such as to produce hills of firag<« 
ments at their feet ; the softer snibstance of the secondary and hori- 
iOBlal stnta isof GouraoyetinflVQ easily and qi^eUy degrtdsiL^ 
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aoeeais of imter to its fiasnies, is slower in soflfering thi 
decay that is referable to that yery powerful cause. 

Gneiss and mica-slate often fisrm mountain masses 
in association with each other, and with the yarieties of 
granite. The former is seen singulariy contorted upon 
the coast of Lewis 5 and mica-slate rock is associated 
withj the serpentine of Cornwall, and is seen in great 
perfection among the Scotch gianitic scenery, more 
especially in the vicinity of Dunkdd, and in extraordi* 
iiary magnificence in the lofty mountain of Benmore, 
the summits of which are above 4tfiOO feet above the 
level of the sea, and when seen in certam directions in 
irespect to reflected light, dazzle the spectator by theit 
extent and brilliancy. Ben Lawers, on the north of 
Loch Tay^ as well as many of the neighbouring moun- 
tains, furnish the geological student with highly in^ 
fitructive specimens of granite passing into gneiss, and 
this again degenerating into mica-slate and chlorite* 
filate. I know of no school of geology snperior to this 
district; the transitions, jiroctions, and varieties of 
rocks are without number, and in many placai so near 
eax^h other, as readily to come within the eye's grasp^ 
and so accessible, as to furnish even the timid climber 
'with a fine and useful series of specimens. To mea^ 
tion one, among the many places of this description, 
there is a quarry upon the hi|^ road, aboot three 
miles south of Dunkeid, in which a stratum of gran- 
wacke is seen incumbent upcm chiorite-ekte, gradually 
passing ilito a fine gray roofifig-eiaile, and this reonm* 
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bent upon mica'^te. The peculiar and diStetng dip 
of the feqpective 8trala» and the singolar inamer im 
'which they are pierced and traversed by veins of fel* 
spar, chlorite^ and qnartz, and lastly their assodafciaa 
'vrith inieaceous iron, are circumstances which will 
not escape the eye of the observer in his journey 
through this district, the beauty and magnificence of 
which, in regard to general scenery, is not less than 
its diversified geological peculiarities* 

Mica-slate abounding in garnets, and often speckled 
with red patches, originating in their decomposition, 
and becoming syenitic from the interspei*sion of horn- 
blende, is prevalent upon the banks of the Tay, at and 
about Dunkeki ; but it is in Glentilt that the geologist, 
both practical and theoretical^ will find the most ampfe 
materials for the study of the associations and junctions 
of the primitive series of rocks. For a detailed ac- 
count of Glentilt, I must refer those who are desirous 
of visiting it with the advantage of previous informa- 
tion to the account drawn up by the late Lord Webb 
Seymour, and to a very able paper upon the same 
district, in the Geological Transactions, by Dr. Mac 
Culloch. He that is tinctured with the Huttonian 
doctrines, will here find the Plutonists upon their 
strong ground, and will not feel disinclined to join in 
that complete contempt for the Neptunian theorists^ 
which the language of Mr. Playfair is so well calca-^ 
lated to inspire. But he that is above the trammels 
of authority, and who dares to doubt its edicts, and tq 
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qrfer.to'hi9 o#n laipi^iidiced and iiiibaeKd' (^inioo, 

will evea hemy in- the Platonic, bstneases^ find oBtter 
to awakaa hU dotditB, and to teach him the imperfiio 
tisB aad laoltiifeBa of all gpok^camwDry. . 




In the immediate neighbourhood of Blair, the Tilt 
exhibits npoD its baoks a deep section of therochs 
that form its bed, and, what is remarkable, the mica- 
ceous strata here, and also at the falls of the Bniar, 
incline nearly at the same angle to several points of 
the compass, giving a curions interweavement and 
confusion to their assemblage. Ascending a few miles 
np the glen, ve observe granular limestone, either em- 
bedded in, or interstratified with, the micaceous and 
gnnss rock, particularly well seen a little below Gilbert's 
bridge, and occasionally accompanied and disturbed 



by jsorfSUyrilie dikes; nod ne«rGbi^)sblWg«; t^dilNf 
greenstone dtetnrbs uid coDtorts file primaiy «liiM'W 
•liie Huttonians, aad oontainis a mass of eiitlNidMI 
marble *. HemlfDttte tbem k flo Bittdf ecMifoiMUti ^iM 
irregularity, such a variety of rocks, and such vatious 
inclinations of their strfeita^ that neither descri^ftons 
nor drawings can give any thing btit k teiiiote and Bi«* 
Kdeqtiate ideii of their groupings and ass^mbfaiges. 

The bordering hills are frequently in part comj^dsSd 
)»f granular quartz, and when this ibnns their suiaiiES, 
Ihey are characteristieally conical, as s^en in Cmrii- 
Toochiey and some othera. 

Aiiid lastly, dolomite, or magnesiaii Iniif lile, k h^ 
Keen passing in a few places, and in detached spMt, 
iiito^ a itck which bears aB reseinUancff k» sei]t)^^ 

I have teumerated these fitels, whidt ntgt shiMi'iii 
Ae vaBejf of the 1%, because much of the fe& and 
legitimate argument that may be founded upon th^:^ 
applies to the phenomei^ exhibited by the graiHtid or 
eWan veins of Cornwall ; they will lead us to doubt fSsm 
quiet crystalline deposition of the gramte and ft» iSM 
sociate rocks^ and may perhaps justify us in inierril^ 
with Dr. Hutton, that they are of amotber s4^ree aiMl 
parentage. . .a 

St. MidiaeFs Mount, situated in Mai^zie» Ba^^- oa 
the S. toast of Ck>r&waHy is also an in^ieresti^ gecAd^ 
gical diject, and ahews us -granite and mieanstet^* nM 

saerely at their jonetioo, but the hitter rock is skl^l^' 

• »« 

* ^ iiie plates annexed to Dr. Mae Cullocl)i*s paper in l&e G(M» 
l^wosactions,' 
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hsAy travfened by granitic veins, which appear to 
Iweak up the superincambent slate, and to penetrate 
and harden it. Crystals of tin, quartz, and apatite, 
and small topazes, are also found in the veins of this 
rock. 

Exclusive of Cornwall and Devon, there is little 
granite in England. The Malvern Hills, Mount Sorrel 
in Leicestoishire, and a few of the ridges of Cumber- 
land and Westmoreland, afford us specimens of this 
rock, but they present nothing sufficiently remarkable 
to be further dwelt upon at present. In the Isle of 
Map, and in Anglesey, granite is associated with clay- 
slate ; and near Gwyndy, in Anglesey, the points of 
granite curiously protrude from beneath the slate, 
sometimes appearing as a felspar rock, and sometimes 
like granular quartz, with a few mica crystals. 

The situation and characters of granitic rocks sug* 
gest some theoretical considerations, partly of an 
abstract, and partly of a general nature, to the most 
important of which I shall briefly allude, not so much 
on account of any intrinsic importance which they 
possess, as from the eagerness with which they have 
been ammadverted upon by the contending geological 
schools. 

The manner in which granite occasionally pervades 
the superincumbent stratified rocks; the damage 
which it often does to them at its veins and junctions ; 
the new inclinations which it gives them ; and, above 
all^ its occasional protrusion in considerable masses 

L 
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oi»upcti4 with veiDBi bvt above die Antf attd genetaily 
superposed rocks ; and its occasional embedded slaty 
massesi are circamstences which give die Huttomati 
theory of its origin a plausiUe aspect s while, on the 
other bandy the delicate and well-defined line of jnnc*- 
tion with which slate and granite sometimes meet, the 
utter want of all fracture and violence at their contact, 
but more especially the slow and imperceptible tran- 
sition of granite into gneiss, of gneiss into mica^slate, 
and of mica^slate into clay-slate, seem to favour ikt 
Wemerian view of its deposition. When, however, w6 
fancy that we trace its crystalltzation tiobk a solvent 
fluid, we are suddenly recalled to the difficulty of eon- 
ceiving any fluid, much less of an aqueous Datum, 
which could have dissolved and deposited granite^ 
which is so singular and complex a crystalline aggre- 
gate; and though the notion of igneous fusion is not 
without its concomitant weak and objectionable pointg, 
it is so much more consistent with the pheiiomena, and 
even with experimental deduction^ as to find^ with all 
its imperfections, a more ready access to the mind of 
the unprejudiced observer. 

J^ all our strata are theoretically incumbent upoii 
granite, which we conceive to form the lowest part of 
the crust that envelopes the ^be, end which some 
have been bold enough to assert as fenning its tiucletm^ 
so experience teaches us that the loftiest mountains irt 
the world are composed of the same material, and that 
ttie alpme xkmM of ^ four quasrters of the gfebe^ 
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niieretlie mmniitB iEfe ^ot votcfttiic^ A^e ^itll^ df ghitiite 
or its modifications and asBooiates. Now it is not im- 
possible, and experience renderi} it probable, that tiiese 
exposed peaks have once bfeen covered^ like their 
fellcms in the loitlands, with liome, or perhaps with 
the greater nnitiberi of the focks Which we have enu- 
merated in the order of their superposition^ but that 
these have yielded to the ruthless fingefis of time and 
the elements; that they have been degraded and 
washed away, and that the denuded and indurated 
materials which they once covered^ now stand the 
more durable, but still decaying-, monuments of that 
former order of things ) the valleys, we are told, are 
filled with die debris of the bordering hills, and the 
streams and rivers wash them into the odean^ and are 
gfadually tending to reduce the surface of the earth 
to an unvaried plane. Lakes are filling lip ; bars are 
forming at the mouths of rivers ) mud is gradually 
raising itself into dry land susceptible of cultivation ; 
and the unfathomable depths of the ocean ^ill on6 
day or other b^ecHne soundings^ apd ultimately, the 
waters of the sea will overwhelm the landr dnd man's 
dominion will be no longer suffered upon earth ; ot 
perhaps, to take the more cheering prospect, subter- 
ranean fires may again consolidate and elevate the 
detritus, and new islands and eontini»its may ante out 
of the ruins of their predecessors. 

Although these, and similar flighty hypotheses, 
deserve |n theinaelves no serious cOosideialion, they 

1.2 
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lead us naturally to inquire as to the cause of those, 
irregularities which the surface of the earth exhibits — 
the origin of hills and dales, of mountains and of 
valleys : but let us first temper our minds for the con- 
sideration of this subject, by recoUecting the extreme 
insignificance of these irregularities, and the paltri- 
ness of what we are regarding as most sublime and 
magnificent, compared with the bulk of our planet^ to 
which they are but as particles of dust upon the sur- 
face of an artificial globe. In speaking of the trans- 
portation of granite boulders^ I have already adverted 
to the probable non-existence, at the period of their 
lodgment in their present situations, of several of the 
deepest and most extensive valleys of the world ; and 
if we examine the walls, as it were, of these valleys, 
or at least of many of them, and observe that the same 
strata, in the same position, constitute the hills that 
bound them, we shall have little reason to doubt that 
they have once been continuous, and that the inter- 
vening portion has been removed. Some cases of this 
kind have already been pointed out, but there are 
others yet more decided, and upon a much larger 
scale, as applying not to valleys only, but to the 
separation of islands and continents. Look, for in- 
stance, at the two sides of the.English Channel, and 
the same strata, with the same peculiarities, are found 
upon its opposite shores : shall we then disbelieve in 
the former continuity of these strata? Or when we 
discover the coast of Norway exhibiting the stratifica- 



' I 
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tion of the Orlcneys ; Majorca composed of the same 
materials as Minorca ; the geological analogy of Corsica 
and Sardinia; that of the opposite shores of the Gulf 
of Venice, and many other analogous cases, shall we 
be inclined to doubt the removal of the once interven- 
ing matter? Shall we not read in these correspond- 
encesy the list of which might be much extended, the 
former non-existence of the intervening chasms, let 
them be valleys, or rivers, or arms of the ocean ? and 
shall we not have disproved the original existence of, or 
contemporaneous formation of the valley? and may 
we not reasonably conclude, <that as the irregularities 
of valleys depend upon the relative hardness and 
destructibility of the materials that form their sides, 
from the nature of their soil, from the direction of 
their ravines, and from some other facts that I have 
already observed upon, that water has been the great 
agent in effecting these excavations, and that cer* 
tainly the mountainous protuberances of the globe are 
not the invariable effect of volcanoes ; that valleys 
have not been formed by earthquakes; and that 
mountains are not accumulations of sand and of 
mud collected by submarine whirlpools, nor great 
crystalline shoots^ as certain German and French 
geologists would insist ? 

But if we revert to the once even and regular state 
of the earth's surface^ and admit that impetuous tor- 
rents of water have been chiefly concerned in carving 
out its irregularities, where are we to look for the 
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origin of theee torreotsi or hem iv^ we to ooeonntJor 
the gigaetic effecla whieh they h^ve left behipd ? 

PaUe» eaciihei them to the effi^^tof earthqaeleeeiMid 
volcanoes ; some have insisted upon the agency And 
interference of a cpmet, and others haire attempted to 
accommodate their apeculation^ to the Mopaio history 
of the creation, ai)d of the d^ilge^ ^ithont having 
broached i^ny particular opinion relative to the ^aiiae 
of the latter phaKunenon : othen again hdYe dfired te 
bring the credibility of scripture ii^to the field of tboir 
discussions, and have elicited nothing but th^ contempt 
and disgust of the wise and virtuous part of mankind* 
Surely for all these purposes^ th^ de]uge 19 ^n efll^^ieot 
cause; and from the evidence already adduc^, us 
well as from that which remains to be brought forward, 
it will be evident that to that aoiirce we inmit fwiibe 
the principal inequalities and int^;ularitie8 of oqf pif^ 
sent surface. 

Before we quit the subject of p^mary rocI(s» I majf 
notice a district of Britain, whiph for grandenr qf 
scenery and geological interest can, I think, scarcely 
be surpassed. I allude to the country between the 
eastern extremity of lioch Ness and Fort Qeoigei 
and especially to the rocks over which the river Fye^ 
pursues its turbulent and winding course, Th^e Am 
seen in characteristic grandeur in the neighbourhood of 
the small inn called the General's Hut, and the scei^ery 
becomes more and more impressive and interesting 
until we arrive at (he celebrated fallfi of t|ie river. I 
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dioald call tlw raek a granitic brecda ; it appears 
made up of mimeroai angular fragments of granitic 
materials, held together b]r a siliceous cement^ and 
^ <>ggi^gate is tif extreme hardness and durebitity : 
masses resembling jasper and agate may also be 
observed in it« Dr. Garnet compares the cemtet> or 
iwsis of the roth^ to a hva of a reddish hoe ; and a 
common obser? er would consider the whole as frag-< 
m^ats of gmnite which had been united by semi*fusion, 
which had been softened and glued together as it werb 
in the fire. The general aspect of the surrounding 
scenery is such as to impress the mind with the idea 
oS some vast convulsion of nature having torn the 
itocka aaunder, and shattered them into gigantic frag- 
manta : rugged crags and abrupt precipices present 
themselves on all sides» atid the river rolls with tre^ 
mandous impetuosity through deep and obstructed 
chasms. A rude bridge is thrown over the upper 
&il) whence the spectator beholds the waters of the 
Fyers at the distance of two hundred feet beneltth 
him» rushing into a cavity of seventy feet in depth, 
whence they again emerge in perfect stillness, and 
Eunaing over an uneven and fragmented channel, ap- 
proach the lower or grand falU Here *' the country 
ilrtkes the imagination with all the gloom and gran- 
deur of Siberian soUtude," and overlooking the stream 
f]x>m a small rocky prominence that overhangs it, we 
observe the channel torn through black piles and 
masses iof stone, whidi obstruct, the curreiit till it 
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:iiMi^ 46 a^S^st^M; of great st«»q^«M» ^d^ 
4iete iht i^tdi^, ^pi^idnsty pent ttfyMdicdttaiperdted^ 
^MddefilycUaebBsrge all thefar viokncO) and^MerloUriti 
'if'profbutid ttbysiB. The (kpth of tbe chasm^in' whWi 
H^ i^er #d^ IB lb«r kimdfed feet/and it bmi^feith 
ih' 4ti' Mbroteti sti^ifl) cdnstituting a fall of tvo 
iiundred and twelve 'feet peipendicvilar height I was 
so fiMtmate as to arrive at dris spot when the falls 
H^^ie ifi fiifividigi^, omng to previoua rain ; and ev^ry 
gleam of sun i^hich penetrated the foliage of the sor^ 
rounding firs and birch trees i^as refracted by the 
spray into rainbows, that seemed dancing in the 
chasm. The rugged irregularities of this district, the 
fragments that lie thickly strewed upon the sides of 
its mountains, the caverns that abound in its rocks, 
and the perpendicular precipice of the great cascades- 
considered conjointly with the peculiar texture and 
composition of the materials that form it, present 
many objects worthy the attention of the geologist; 
and may be regarded as recording some great natural 
convulsion, which has not only broken up and reunited 
certain primary rocks, but has again disturbed their 
tranquillity, and thrown them into the stupendous con- 
fusion they now exhibit. 

We have now reviewed in succession the various 
strata which incrust the nucleus of our globe, com- 
mencing with the most superficial, and terminating 
with those which seem to constitute their foundation, 
and perhaps even the bulk of our planet. They pre- 



•aift^^Hs iwidi m'Wif^ of lipids ^asipilvly inUmitiiig 
,teAc9if»lfiil^ wd.vfll «l]>eBdy have. appe^ro^'^l^ii 
ifaocdc whertio men may read straoge soattersr' but 
tiieir« history is alill imperfecl« and I shall ^pdMYpur 
tooomplelethe. outline vtlich I have sketclfied^ by eK- 
aiainiiigtiie contentB of mioeral dikes wdipetaUic 
feiDs, by inquiring into the causes whidi teid to.the 
^integration and decay of rocks, and by stating the 
general effects of certain local ageBts» such as earth* 
quakes and volcanoes. 
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SECTION VIII. 

1>ap Rocki. — Banit— Oreenstone. — Toaditoie. — Amygdaloii. — 
PUchstone. — InsUncei of these Rocks. — Stafi. — Giants' Cause- 
way. — Isle of $ky_Thearies of these Roclis. 

I HAVE attempted, in the preceding section, to give 
a simple statement of the manner in which the strata 
incrusting the solid nucleus of our planet appear to be 
arranged in respect to each other ; and I have occa- 
sionally, where any remarkable circumstances con- 
nected with geological theories presented themselves, 
adverted to those theories, with a view of briefly shew- 
ing their comparative merits, but chiefly with the in- 
tention of proving the emptiness and insufflciency of 
most of those contending opinions which have been 



SMt VIIL] 



VKiLB«RdCK0* 155 



maintained respecting the origin of rocks* apd respect^ 
ing the manner m which they were deposited in their 
present situations. The substances which now remaitl 
for our examination are certain rocks which are very 
variable in their positiodi occurring sometimes in the 
company of the primary series^ at others among the 
newest of the secondary deposites ; rocks, the igneouii 
origin of which cannot, according to the Huttonians, 
b(» questioned upon any sound principles of philoso- 
phical anabgy 5 but which, if we believe the Weme- 
nans, are decidedly of aqueous parentage. They con- 
stitute the whihstones, basalts, and greenstone of the 
one, and the trap-rocks of the other school 
' The term tre^'reck has been especially applied to 
those peculiar step-like or scalar declivities which 
^lOuntain masses of this substance sometimes present 
T-In employing this term, I shall rather use it as a 
generic name of the rdcks in question^than specifically 
as implying the material of which they are composed ; 
and since the varieties known under the names of 
ioeatt, gveenitone^ tocidsPme, and amygdaloid belong 
to Ais same class, and frequently graduate into each 
other, I shall occasionally employ those names bjA 
ehaiaeteiizing individual specimens of trap-rock ; de-* 
signating the fine«grained^ and apparently almost ho^ 
mogeneous rock in many instances, by the term basalt; 
the paler and greenish varieties which especially occur 
among the older rocks, and sometimes approximate to 
the nqlove of aienite^ by the name ef p'eeiMtom; 
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vfkiit the porcms varieties, and those containing no- 
dales of cdcaveous spar, quartz or agate, ^eolites^ &c. 
sdaybeeaDed amygdaloid; and the term ioadstone 
may be confined to the speckled varieties of whin or 
trtEp-roch, trhich abound in Derbyshire. Pitchttone^ 
Uhi I cannot give a better place to than among these 
rocks. 

In regard to these rocks generally, it may be re- 
marked that they can scarcely be said to be stratified; 
at least in this respect they are as equivocal as granite 
itself; like it they form irregular masses and veins, 
sometimes upon and sometimes under other rocks, 
sometimes interposed between them, and in almost all 
their varieties an analogy may be traced out to the 
lavas produced by the superficial volcanoes of the 
earth. Indeed, the resemblance is sometimes so great, 
that many geologists have mistaken whinstone for lava, 
and many rocks, regarded as the remains of extin- 
guished volcanoes, have proved to be true basaltic 
formiations. 

Hornblende and felspar are distinctly visible in some 
of the unequivocal varieties of trap*rock — ^the former 
very abundant, and the proportion of black oxide of 
iron being such as to give to the substance a decided 
magnetic character. In other cases distinct crystalline 
texture is lost, and the mass appears nearly or quite 
uniform and homogeneous. 

This rock, uiider the name of greenstone, is seen in 
cbaracteristic masses associated with the granite, mica*' 



slate, and s^jrpenUoQ of the Iizar4 in Cp^^^aD^, ltji(^^ 
see^ acQdmpaiiyiDg clay-slate and old xeA saodstomi . 
near K.iQgtpn and Badnor in Wales ; ^d , npoa $^(1 
northern sides of Snowdon» FlymlimmoD^iWd.Cadev 
Idris, coi^rse-gnaned and with regular crystals of hoi;o<T 
blende in one place, and in anqther, %fwgcaipedi 
homogeneous, and even basaltic or columnar. > , 

In Derbyshire, under the name.of toadstoue, I have 
already noticed the singular disposition of this rock, 
associated with mountain limestQne ; and with n^w 
red sandstone, or red marie in the coal-fields of tbe 
north near Edinburgh, in Shropshire, and elsewhere; 
and in Antrim we find it variously blended with the 
sandstones and chalk, and even sometimes lying upon 
them, so as to constitute beds superior to those of the 
newest secondary formations. 

These instances, which might be greatly multiplied, 
will suffice to illustrate the varied position of this rock* 
In regard to its aspect, we observe it in Cornwall forza- 
ing blocks and masses not unlike the granite of that 
country; sometimes, as in the coal-strata, it forms 
immense walls or whin^dykes ; in Derbyshire, it may 
be said to be stratified ; in the Isle of Mull, and else- 
where, it is massive and amorphous ; and in many 
places it is columnar, of which the coast of Antrim, 
the Island of Staffa, and some parts of Mull, furnish 
such magnificent instances. The Isle of MuU, Ulva 
and the Treshamish Isles, exhibit trap*-rocks and veins 
in such vari^i and moie e^ecially ttue. bte* o£ MuU> 
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vldth 18 abo highly interesting es ft bcfaool oFgranltie 
geology, that I am sorry to pass it over with a bate 
flientioii* The ttap-veins of the Isle of Sky are not 
only remaihable for their singular ektentand armnge^ 
Bsent, bat for tiia changes which they produce tipon 
die rocks they penetrate, and which kte 6( such a 
nature as to throw some few rays of light at least upon 
&e most recondite chemical phenooieha connected 
with geolc^. I do not me^n to day that these pecu- 
liarities belong exclusively io Sky» for they are more 
or less distinctly observed among all siniilar associa* 
tions of rocks, but in that island they are eminently 
distinct* 

Among these veins there iBire two which penetrate 
the white marble of Strath, (Mac CuUoch's Western 
Islands, i. 399,) and which have been exposed by the 
operation of quarrying. Now the mere (kct of the 
vein passing through marble is not common ; but what 
is truly curious is, that at their junction the trap passes 
into a substance resembling serpentine^ and pene- 
trated by fissures containing steatite; while the marble 
acquires all sorts of colours, and changes in com- 
position from argillaceous to magnesian, and frotn 
magnesian to sihceous. Among the veins of Stratheni, 
a similar connexion between the veins of basalt attfi 
steatite, and serpentine and marble, also occurs ; but 
there the veins, instead of penetrating marble, are iti 
calcareous sand* Also in Glentilt^ and in various 
others parta of SI^, trqp^eins intersect and cat ct 
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coal formations! and sometiines the same vein of trap 
exhibits the rock in its several varieties of basalt, 
greenstone, and amygdaloid. I do not endeavour to 
state the names of the particular places or spots at 
which these appearances occur« for they defy all ordi- 
nary powers of orthography, but many of them are 
accurately laid down and described by Dr. Mac Cul- 
loch, in his laborious geological work upon the Western 
Isles of Scotland i^r-his descriptions are so minute, and 
his observations so perfectly untinctured by geolo* 
gicat prejudice, as ^o leave the student nothing further 
|o ^i^ for i^ that Un0 of description. 

Of Staffii, Dt. Mac Cullocfa has given us a minute 
and acouratel account, enriched by a variety of re^ 
iparks, of infinite use to the traveller. 

The island is about a mile and a half in drcum* 
ference, and its greatest elevation, which is upon the 
south-west sidci is about 144 feet. Its lowermost bed 
upon that side is a basaltic conglomerate. The columns 
are compact and iiniform in texture, of a dark grayish- 
black colour interiorly, and of a rusty-brown wher0 
exposed to the weather. Amorphous and columnar 
bs^s^t, and a stratum of pebbles foreign to the island^ 
which were referred to in the first section, fbrm its 
ifpper bed, or stratum^ 

The most celebrated object in this island, and justly 
^ too, is Fiqgal's Cave, though there are two otbenfir 
of ponsid^irable grandeur and interest. The entrance 
tp this cave restnibks, ib abap^, a Gothic aldi, abeni' 




70 feet in height; the pillars which bound it vary from 
18 to 36 feet id height ; its breadth is between 40 and 
dO feet, which is also the avei^e height of the in- 
terior ; its length is 227 feet, and preserves a con- 
siderable degree of regularity thronghont, its sides 
being columnar, and, in many places, broken and 
itregnlarly grouped, so as to catch a variety of direct 
and reflected tints, mixed with unexpected shadows, 
■ttd producing a picturesque efiect, which no regularity 
could possibly have given. The sea never entirely 
ebbs out of this cave, but the broken range of columns 
which (bring the exterior causeway is continued od 
eadi side within it. forming upon the east a footpath, 
ii4uch is BO in«gular, slippery, and broken, as not to 
be tiaversed by any but those possessed of a very 
steady fbot aBd head. This cave has been frequenUy 
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describe^nB^t no description is adequate-ito the re-> 
presentation of its varied beaift^ and sii^EiSff i^socia- 
tionsu Dn Mac Cidloch, who has frequently ^vid^|^ itj 
and each time with nefw admiration, has justly obsff^ed, 
that were it even destitute of that order and symmi^, 
that richufsss ajdsii^ frotn mi^jfilkiiy of parts, iJ^KQ* 
bined with greatness of dimensions and simplicity of 
stylQ,. which it possesses, still the prolonged lengthy the 
twilight gloom half concealing the playful and vaiying 
effect of reflected light, thtfecho of the measured surge,^ 
as it rises and falls, the pellucid green of the water, and' 
the* profound and fairy solitude of the whole ; scene, . 
could not fail strongly to impress a mind gifted with 
any sense of beauty in art or nature* 
• Thei uppermost basaltic bed of thia island consists; 
Qf a confiised mass of small ocdumns and is oC vairiabla . 
thicknessy its naked surface having a singularly t^s^lr 
latod, aj^arance. This bed forms, in the langiuig^aj^< 
aji^itectjDie, the entablature required to give thejir do«k 
office to the columns which form the middle range*. 
.Another cavern in this island deserves noticer as. s^ 
cpntxast, by its irregularity, to the regular coJitmoar 
a^wg^ments of Fingal's Cave ; it is usually. c^4: 
]\|Iackinnon's Cave^ and is more easy of access thaa 
th^ former.. It presents a. laige entrance^ near 50 
feet, sqwre, and extends about 250 feet into th^. 
rock of conglomerate ; while the superior part of the,, 
ftopt C9nsists of a range of colum9«f. hoUawedjiQto a. 
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ooneave T«oew aboye the opening, and oveiiiangmg 
the concavity like a geometric ceiling, 

A thiitl cave, mtlj visited, bnt curioui from the 
0ifignHM' grouping and regularity of its colnmns, is 
caUed the Boat Cave; its dimensions, however, are 
greatly inferior to those of either of the former. 

The Giant's Causeway, and the various promonto- 
ries or head-lands of the coast of Antrim, form another 
basaltic district of matchless grandeur and interest ; 
yet, to prevent the disap^intment which I experi- 
enced in visiting these wonders of nature, after having 
seen the still superior and more insulated magnificence 
of Stafia, I would advise the traveller who has the 
choice, to proceed first to the north of Ireland, wd 
thence to Staffa : for although Bengore, Pleskein, and 
Fairhead are in themselves superior to any part of 
Stafia, they do not rise in the same abrupt manner 
from the ocean ; and being everywhere accompanied 
and surrounded by lofly clifis, are not calculated to 
excite those mingled emotions of surprise and admim^ 
tion, which so overpoweringly assail him who lands, 
fer the first time, on the columnar and cavernous 
shore of Staffiu 

The Causeway itself consists of three piers of 
columns, which extend some hundred feet into the 
sea, and are walled round, as it were, by precipitous 
rocks, from 2 to 400 feet high, in which are several 
striking columnar assemblages, vertical, inclined, 
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cnrvsed^ and bori2ontBl» and in tome pltees IcMdciiig as 
if wedgtd or driven into the surface of the proeipice, 
the ends of the columnfl only remaining in sight. Ben*- 
gore» wbieb hounds the Oaiiieway on the eeett eon-- 
siets of alternate ranges of tabular and maaiive with 
colunmar baialt i hut amidit the variony and grand 
objecte of this coast, Plaskein is p^hapy the most 
striking : it presents several colonnades of great height 
and regularity, separated from each other by tabular 
basalt ; and at Fairhead there is a range of columns of 
fiom 10 to 20 feet diameter, and between 800 and 300 
&et htg^t supported by a steep declivity, which forms 
a stupendous termce nearly 600 fi^et above the wares 
beneath* 

Sometimes basalt rises in massive and abrupt 
rocks* assuming the iHfearance of m uniform and 
homogeneous substance* end scarcely exhibiting any 
of that singular tendency to colujEunar regularity, which 
we have just bad occasion to admire in Staffs; the 
Castles of Dumbarton, £dinbur^, and Stirling, are 
built upon such masses. At other times it forms low, 
rugged, and nnpicturesqne strata, sometimes very re* 
markably bent, but without forming decided columns. 

Basalt is not unfrequently found in veins, tmv^fsing 
masses of the same substance, and of other rocks { 
and the phenomena which these veins produce in their 
passage depend* of course, upon the nature of the 
materials imveiied ; they ave, howev^, in most in* 
elaiieeef eodi nis toleayOf independent of any other cim<^ 
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sideration, very probable marks of their igueous 
origin. Thus the veins, or dykes, are generally most 
crystalline in the centre, and acquire a more even and 
fine-grained fracture upon their sides; they harden 
and consolidate the lapideous substances through 
-which they pass, producing effects analogous to those 
which may be conceived to result from the operation 
of matter in igneous fusion, injected among the 
strata, and which Sir James Hall succeeded in imitat- 
ing artificially, by submitting the substance to the 
action of intense heat, under a pressure suitable to 
restrain the escape of gaseous matters* The sand- 
stone near Edinburgh is thus hardened by the action 
of the whin-dykes, and there, in their immediate con- 
tact, it becomes of a jaspideous appearance and frac- 
ture ; and in some places pieces are broken, and have 
been apparently floating in the matter of the dyke, 
and are proportionally hardened and modified. These 
appearances correspond in some respects to the 
changes effected in the slate of Cornwall and else- 
where, by the veins of granite, and of porphyry, or 
elvan; but some of the difficulties, in regard to their 
source, which I hinted at in the last section, do not 
apply to veins of greenstone and whin-dykes, which 
are certainly of less equivocal origin. 

The limestone of Antrim alternates with basalt, and 
is in many places invaded by its dykes or veins, and 
in some overtopped by basaltic strata, connected by 
small and narrow ramifications, with inferior or un^ 



Sect. VIIL] ORIGIN OF BASALT. 165 

derlying masses of the same rock. Here ve have the 
limestone changed to marble, and the flints putting on 
that opaque and red appearance which they are well 
known to acquire when subjected to artificial heat ; 
but the fact which of all others favours the igneous 
original of basalt is derived from an examination of 
the changes which it effects in traversing coal-strata. 
The dislocations and fractures of'the coalrfield haye 
been already described as one consequence of whin- 
dykes — another is the formation of chasms, in which 
carburetted hydrogen is pent up under great pressure^ 
and which, when any accidental opening is made into 
them, continue to emit torrents of that gas, forming 
what the miners term blowers; and what is also 
equally to the purpose, the coal is found charred or 
turned into coke in the vicinity or contact of these 
dykes. 

Now, if we consider these facts, and if we associate 
them with others of a similar tendency ; if we connect 
the theory with the experiments of Sir James Hall, and 
above all with those of Mr. Watt upon the fusion and 
cooling of certain earthy compounds, we shall not, I 
think, refuse to assign a high degree of plausibility to 
that theory which compares basalt to lava, and con* 
siders it of igneous origin; and consequently also to 
those parts of the Huttonian doctrines which sire 
mainly founded upon the phenomena and effects of 
whin-dykes. 

Basaltic rocks vary extremely in their tendency to 
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decompositioii. In some plflcei ihey ftie Men in 
decBy^ crumblibg down into a brown ornd lail of a 
tentcions dayey ohaiacter. In othtrs they nre of 
gfest and even remarkable permanencei and the oo« 
lumnar varieties are bo little acted npon, that in the 
Canieway and Stafiki and npon many parts of MnU, 
the pillars retain the acnteness of their angles, althou^ 
subjected to the incessant operation of the waveSi and 
to diose alternate eirposttfes caused by the tides, which 
so ftw roeks are able to resist* Where massive baaatt 
or trap rooks are pervaded by veins of the same ma- 
terial, the vein is usually more indurated and durable 
than the mass which it penetrates ; and not unfi^ 
quently the course and dimensions of the vein may be 
traced in relief Upon the comparatively worn and do* 
graded sur&oe of the rode which it passes through. 

In the Isle of Sky there is a large district of deconft'^ 
posing trap-rocks, which may well be selected in illus- 
tration of the decomposition of basalt. The north- 
east portion of the island exhibits a long ridge^ conn 
mencing at Portrse, and stretching away to the point 
of Aird, which, rising by a gradual acclivity from the 
west^ terminates to the east by a rapid descent, often 
displaying extensive precipitous fkces, and acquiring 
an altitude of upwards of 2000 feet. At the highest 
point, called the Storr, the summit of the mountain ta 
cut down in a vertical flu^e 4 or 500 feet high ; white 
the steep declivity below is covered with huge masses 
of detaiohed rockf which are the more indurated and 
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dttimble remains of the cliffs above* These are com* 
birifcd in vftrious and intricate groups^ while their 
massy bulk and squared and pinnacled outlines pre* 
sent vague forms of castles and towns« resembling, 
when dimly sten through the driving doudsi the com* 
binationsof an ideal and supernatural architecture* 
The most remarkable of these insulated masses is .160 
feet highi assuming at a distance the aspect of a spire» 
and presenting from afar a sea*mark well known to 
mariners* 

Having taken frequent opportunities of adverting to 
the proofs illustrating the igneous origin of basalt, it 
might possibly be expected that I should have equaUy 
described the phenomena belonging to this formation^ 
which are supposed to demonstrate its aqueous (iro* 
duGtk>n. Upon this subject^ however* I should pre^ 
Bume that a very few and brief observations will suffice. 
As far as basaltic dykes are conCemed^ it has been 
imagined that fissures existing in the rocks they tt$^ 
verse have been filled by an aqueous solution of the 
materials found in the dyke, and thesei from some 
cause, by no means apparent* to Have consolidated. 
Then, as to all those appearances of induration and 
fusion which I have elsewhere referred to the heat of 
the matter of the dyke)-~*they are supposed to have 
originated in the solution having percolated .and con- 
gealed in the walls of the vein« But if We mifest 
theorize* the nature and extettt of the hardening* and 
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the various characters, both of the vein or dyke itself 
as well as of the pervaded rocks, are siirdy more con- 
sistent with igneous emption than with aqueous infil- 
tration ; to say nothbg of a host of other objections 
which present themselves, and which I shall more par- 
ticularly insist upon when adverting to the Wemeiian . 
hypothesis of the filling of metallic veins. Indeed in 
coal-mines we have too decided evidence of the ig- 
neous origin to substitute any other hypothesis. 

In respect to columnar basalt, the Neptunians are 
yet more inconsistent with the facts which its minute 
examination affords. — They here refer us to that co- 
lumnar appearance which certain substances assume 
on passing from a pasty to a solid state during their 
desiccation. Something of this kind may be seen in 
starch, and occasionally in mud, which in the process 
^f drying has split into irregular angular masses. But 
to say nothing of the state of the iron in basalt, or of 
its insolubility, there should in such a case have oc- 
curred fissures and cavities between the columns, an- 
nouncing the shrinking of its mass during its indura* 
■tion, a circumstance which is never observed. 

When, therefore, we consider the various phenomena 
connected with basaltic dykes, and more especially 
with columns of basalt ; and when we reflect upon the 
analogy jn composition, as well as in appearances, 
that holds between basalt and some kinds of lava ; 
and, lastly, when we observe lava itself, under certain 



SetU Tin.] IGNBOUS OBXGIN. 169 

circumBtanceSy assuming a columnar and truly basaltic 
aspect, -we can, I think, scarcely ascribe the origin of 
this substance to any other source than that of fire^ 
acting perhaps under peculiar circumstances, and fre- 
quently under some great pressure, derived probably 
from a superincumbent ocean. 




Ustallie Veiiu. — Theorieslof tbeb Origin, — Their Fpeculiantief^ 
Crow' Course!, and other Irreguluiliea. — Modes of Worldog and 

Diseoreriiig Veins. 



I HATB had freqaent occasion to advert to the exist- 
ence of fissures, that disturb the continuity of the 
strata of the earth's surface, and that are filled with 
materials difiering from those of the rocks they tra- 
verse. I now propose, more exclusively, to notice 
these subjects, examining the geology of metallic veau, 
or, as in.this country they are often technically termed, 
lodet or courses. 

Id respect to the ori^n of these important deposites 
of our mineral and metallic treasures, it deserves, in 
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the first piaoe, to be remarkedi th^t they almost 
always bear evidence of having been formed and filled 
subsequent to the production of the rocks in which 
they occur ; and that it is only in a very few instances 
that the utmost stretch of theory will permit us to 
consider a irein as a mere accidental irregularity, 
coeval with its including strata, or contemporaneous 
with the rocks which it traverses. 

To give an idea, therefore, of the nature of a vein^ 
it has been common to compare it to a lai^ crack, or 
irregular fissure, having something of the appearance, 
in many instances, of those which form in clay or mud, 
during its gradual sinking and desiccation ; and then to 
conceive it subsequently filled with those various sub^ 
stances which occur in it, and which are consequently 
of a nature totally dissimilar to the materials that form 
the sides or walls of the veins. 

Such, indeed I is a sufficiently correct representa- 
tion of the circumstances that attend many metallic 
veins. There is a mere fissure in the rock, not inters 
ftrlng with the parallelism of its strata, and formed, as 
it were, by some gradual and quiet operation. But» 
in other casesi the appearance of a vein is wholly dif- 
(brenty and announces the result of some much more 
violent and sudden operations. The parallelism of 
the strata U disturbed, and that greatly ; the walls^ 
instead of bring similar, are evidently displaced, and 
the adjacent substances irregularly heaved, or thrown 
into new postureSi by some great convulsion which 
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caused tbe fissure in question. This may have been 
derived from volcanic explosions, or earthquakes, or 
from some other cause, by m^hich the strata may have 
been ruptured, leaving, in some instances* empty fis- 
sures, subsequently receiving their contents, and at 
others filling the veins with lapideous or metallic 
bodies* 

The notion of cracks and fissures existing m the 
strata, and afterwards filled with the various sub- 
stances constituting the vein, and flowing into it from 
above, may serve to give an idea of the Wemerian 
theory^ applicable to this intricate part of geology ; 
and it ascribes the occasional irregularities or disloca- 
tions of the strata to the falling in^ or slipping down, 
of one portion of the rock, soon after or during the 
shrinking that occasioned the aperture. ^ It is then 
supposed that various solutions flowed into these empty 
chasms, and that, crystallizing quietly and slowly, 
they lined them successively with the various bodies 
which now form the contents of the vein. 

I need scarcely say that this theory at its very outset 
puts all the principles of chemical philosophy at de- 
fiance : attributing as it does an universal solvent 
power to some imaginary liquid, more powerful even 
than the alkahest of the alchemists; withdrawing 
that fluid at pleasure ; and enabling it successively to 
perform the most discordant and opposite functions. 
Nor are we informed how it came to limit its deposi-> 
tions to the veins themselves ; not even without oyer^ 
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spreading the circumjacent strata, but without leaving 
any trace behind upon ground where- it is supposed to 
have rested, infinitely more favourable to crystalliza- 
tion or deposition than the tortuous chasm to which 
its powers seem to have been nearly limited, or, indeed, 
entirely confined. The Neptunist has ui^ed, in favour 
of his theory, the occurrence of fossils, of fragments, 
and of pebbles, in veins, evidently derived from the 
superficial strata, and demonstrating them at some 
period to have been open fiom above ; and such things 
do, although rarely, occur. ' Werner alludes to a vein 
filled with rolled pieces at Joachimsthal ; to another 
in Dauphiny ; and Mr. Gilbert found rounded peb- 
bles cemented together by tin-stone in a vein of the 
Relistian Mine in Cornwall : all which proves that 
some pebbles may have occasionally fallen into veins, 
and that at a very remote date, without in any way 
demonstrating that the crystalline aggregates of veins 
are all of similar origin. 

If we now advert to the Huttonian theory, we shall 
there see the appearance and phenomena of veins 
attributed to the injection of their contents from below 
in igneous fusion,— an hypothesis of which the most 
one can say is, that it involves fewer absurdities^ 
though not, perhaps, fewer difficulties, than the former 
•^-for there are facts to be observed in the direction of 
veins, in their action upon the neighbouring strata, in 
the arrangement or order of their contents, which 



174 PBoutiABmas of mmi. [s^t. dc, 

entirely militate againtt tbe notion of this method of 
their production, end which leave us at «n utter Iom 
for any plausible explanation consistent with the 
known physical and chemical attributes of matter. 

That all rocks are occasionally penetrated by veins, 
but that those which are metalliferous are limited to 
the older series* has been stated in onr general enume- 
ration of the contents of different strata. It has also 
been r^najrked that regular metalliferoua veins most 
frequently take the direction of east and west, or nearly 
so» and that those which cross them, or run nearly in 
the direction of north and south, are generally filled 
with other substances. I say generally, because them 
axe several exceptions to the statement I have made, 
just as there are east and west veins destitute of the 
inetals. 

It is often imagined that veins are widest above* and 
that tbey gradually taper off and are lost at great 
depths in imperceptible filaments ; but this is by no 
means the case ; and hitherto I believe tbe actual ter- 
mination of a vein, properly so called, has never been 
seen« Cross courses sometimes suddenly intem^it a 
vein, and its continuation cannot again be discovered i 
some t im es veins dwindle into thin filaments, or b^ 
come so impoverished by diminution in their metailie 
contents, as not to justify the eiqpense of the pursuit f 
but in other cases the continuation of the vein inter* 
eepled hie been discovered, and the thin fiiamentft or 
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threads have in several instances been known to v^ 
unitei not merely into a profitable vein, but even into a 
large bunch of metal. 

Veins generally pursue a straight line» or nearly so ; 
and if they deviate from it, they reassume shortly their 
former regularity, their direction being downward, not 
perfectly perpendicular, but more or less inclined to 
the nordi or south* This inclination is called the un- 
derlie of the lode^ and^is very variable. Mr. Phillips, 
in his excellent practical account of the Cornish 
Mines, printed in the Geological TranmctUms^ and 
ag&in in his Qeohgy^ tells us that in Cornwall some of 
the veins only underlie a few inches from the perpen- 
dicular in a fathom, but that in others the underlie is 
« fiithom, or even more in the some^extent. When a 
vein pursues a steady and regular progress, the term 
rahe is generally applied to it | but where it bulges out 
into irregular masses, and forms, as is sometimes the 
case, large horizontal beds of metal, the term pipe vein 
is often applied to it, or the bulge is called a floor of 
metal. Here also we may mention the different di- 
rection which different veins often take. In the mines 
of NcHth Wales, in most of those of Cumberland and 
Derbyshire, in the great mines in Arkendale and 
Swaldale, in Yorkshire, the veins of lead, like those of 
copper in Cornwall, are east and west ; but, on the 
other hand, the lead and silver of Cornwall is in 
many instances chiefly found in north and south veins : 
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and the amaller veins of Comberivnd^ and the oosuaties 
adjacenty traverse the strata in ahnost all dkections. 
These are the exceptions to which I adverted,. in allud- 
ing to the general east and west direction of veins. 

In regard to width, metalliferous veins are extremely 
various^ and their value is not always proportionate to 
their diameter. Some of the veins of Cornwall are 
from 30 to 40 feet wide, but less productive than when 
only 3 or 4 feet in width ; and in some cases they shall 
be worth working, from their extreme richness, when not 
more than 2 to 4 inches wide ; and in relation to this 
subject, the nature of the pervaded country must be 
taken into the account. In Cornwall, if, on working in 
the course of a vein, the country is found to assume a 
greater hardness in a considerable degree, the. vein ge- 
nerally becomes narrow. 

In Derbyshire, and in the North, the lead-veins in 
the limestone are remarkably affected by the sh^le, 
sandstone, and toadstone, and in some places entirely 
cut off; while in others they divide into very small 
ramifications, which in the limestone again unite into 
a large continuous vein. 

In Mexico, they are upon a larger and more mag- 
nificent scale, proportionate, as it would see^i, to the 
greater extent and elevation of the mountains of the 
New World. Humboldt adverts to veins containing 
silver ore from 60 to 90 feet wide. 

In many of the richest metallic veins, the ore is 
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separated from the walls of iOxe rock by a coating of 
day^ probably the decomposed rock, which varies ia 
thickness, bat which sometimai is wanting upon one 
side. In other cases various sparry substances inter- 
vene» and in others the metallic ore itself formic n ck>se 
janction with the rock. But in tiiese^ as well as in 
other respects, the texture of a vein is so capriciousi 
that any general description must be taken with many 
limitations and exceptions* This is more especially 
the case in respect to the contents of veins at different 
depths, which are liable to such diversities as to baffle 
all conjectures founded even upon extensive and care- 
ful experience. 

In Cornwall, symptoms of metal rarely occur at a 
less depth than 30 fathoms, the upper port of the lode 
being full of clay, gravel, and the debris of the neigh- 
bouring country. If at that depth there occur a 
quantity of friable ferruginous clay of a yellow or red-^ 
brown cobur, and provincially called Gossan^ the 
proximity of tin or copper may be anticipated. But 
blende, iron pyrites, chlorite, quarts, and clay, may 
prevail for many fathoms without any more valuable 
products. Tin and copper are often found in the same 
vein, but ihe tin almost always precedes the copper } 
and in Cornwall many of the richest copper-mines are 
the continuations of tin-veins which had been imagined 
to be exhausted, or which had been given up» from 
dxeir depth, before the great improvements in drain* 
ing mines by steam-engines had arrived at their pre- 

N 
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sent excelleoce. Evea in rich and pradoctive vtisas^ 
t]ie "vdioable portion is seldom in such abundaiice as to 
leave by its reinovml a perfectly empty chasm;- though 
this is sometimes the case, as in the Paris Mine in 
Anglesea, where an immense space or quarry indicates 
the 'CKtent of the removed tresisures : gen(»ally there 
is- left a quantity of qnc^'tZy calcareous spar, floor^iron 
]^ritesy or deyst usually termed Deads, and which 
ofteil are in so far useful, that they serine to support the 
walls of the vein, and are a durable substitute for the 
timber, with l^hich, in very rich veins, they are 
obl^ed to support the impending rocks, and which 
often from its falling in gives rise to disastrous acci<- 
dents. An instance of this kind is mentioned by Mr. 
Phillips, as having occurred in Cornwall, in the copper- 
mine called Wheal Alfred, one of the veins of which 
was hcdlowed out for about 100 fathoms deep, so as 
to form a very extensive chasm ; and, notwithstanding 
great labour, skill, and expense had been bestowed* and 
the most substantial timber employed to keep apait 
the walls of the vein, many thousand tons came down, 
in an instant. 

Among the irregularities of veins ^ there is one, not 
of frequent, but occasional occurrence, and which 
throws great difficulty upon many of the theories of 
veins ; the miner shall suddenly arrive at a piece ^rf* 

*j The copper and tin-veins "of Cornwall are generally much more 
irregalBr than the leadrmines of the north of Kngland, and hence iuora 
difficult to WQrk% 
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(bad gfoofad'm the naidst of the vein, teavitig onljr a 
flkifdl comiedtitig gtrmg of ore on eax^h side; sod some- 
times extending many fathoms in length, and' depth; 
In these cases^ the miner says thkt the vem or lode 
haa taken horse^ 

The disturbance of veins, by cross coueses^ fiir-» 
nisfaes not the least important part of their geolojgical 
history; and. as one metallic vein is sometimes in^ 
tersected by another, apparently showing them to be 
of di&rent dates, so we find that cross- veins are 
usually of more recent date than those containing 
metallic ores, as is demonstrated by the manner in 
which they are cut through and traversed ; and botb 
seem to be, as I have already stated, of a posterior 
date to tha,t of the traversed rock, as is shewn by the 
division in the parallelism of its beds. When I have 
said that metalliferous veins, in all parts of Europe, 
and even in the great mining district of America^ 
iiffect an east and west direction^ and that the north 
iaund south veins are not metalliferous, and of a later 
date than the others, I must again beg to observe that 
this statement is merely meant to apply generally, and 
that in England and elsewhere it is open to frequent 
exceptions, as in regard to the veins containing lead 
iand antimony in Cornwall, and also, even in some 
instances, tin, has been found in such a cross-vein. 

In a few cases the cross course is rather adv9.n-» 
jiagepus than otherwise to the interests of the mine : a 
poor vein often becomes very productive near the cross 
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conne, and •ometunes, when of indumted inatBriiilf, it 
prevents the water of the neighbouring country fiom 
troubling a mine : but the various intenmptions which 
are thus occasioned in the metalliferous vein are more 
commonly a source of great vexation and trouble to 
the miner; and though^ these disturbances are now 
much better understood than formerly, cases of great 
intricacy and difficulty frequently occur, which baffle 
the most skilful efforts of the scientific and experi- 
enced miner, and lead to incalculable expenses. An- 
other way in which it is possible that a cross course 
may be of service is, by heaving the metallic vein, so as 
to bring it nearer the surface. This is well illustrated 
in the following section of Pink Mine taken from 
^'Pryce's MineralogiaComubiensis/' where a tin-vein is 
intersected in its course by three gossans, and heaved 
each time, at first twenty-two fathoms, then nine 
fathoms, and then about two. 
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In 13i^ mines of Derbysfaire, and in tbe leftd-mines 
of the nortb, I Lave adverted to the modified size 
and contents of the metallic vein depending upon the 
nature of the strata through which it passes, and 
especially to the influence of the grit and toadstone, 
in impoverishing or intersecting a vein large and pn>- 
dactive in the limestone. In Cornwall, both the gra- 
nite and slate are traversed by veins of tin and 
copper ; and here a very curious question, both in its 
practical and theoretical relations, presents itself, 
namely, #hat changes does the vein suffer at the jmic«» 
tion of the slate and granite ? The mines of CornwaH 
enable us to answer this question, and it generally 
happens that the derangement su&red by the vein is 
very trifling, even where slate and granite alternate, as 
is often the case, in consequence of the veins of the 
latter penetrating the former rock; and in Huel Gor- 
land, a vein passed between granite and slate, having 
one of ^ its walls of one substance and the other of the 
Other. Tin Croft Mine, the annexed section of which 
is copied from Mr. Phillips's paper, also offers some 
remarkable alternations of schist and granite, as well 
as some peculiarities in respect to the number, un* 
derlie, dimensions, and contents of its veins. There 
are here five copper veins, three of tin, and one mixed, 
in about a forloog of comitry, north and south. Of 
these, two only proceed in a straight line ; one alters 
its direction repeatedly in a gradual aj^roach to the 
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perpehdicttfatr, and is intersected by t^fra copper reiiii ; 
one of these, the south vein, varies in width from on^ 
to six feet, and was rich in copper through the uppeir 
granite and slate^ but became hard and poor upon rel 
leotering the lower granite. Another vein varied frooti 
one to twelve feet in width, and running nearly peri- 
pendicular, sent off two other veins or ofl^ts, beconi'!- 
Sng very poor at the point of their separation, but 
containing shoots of ore between them. Below th^ 
Jatter it became richer, and was worked to a depth of 
one hundred and twenty-five fathoms from the surface : 
the first offset was a poor vein, but the second very 
abundant in copper pyrites ; the sixth vein yielded a 
little tin; the seventh yielded copper and iron pyrites ; 
the eighth yielded tin and copper, sometimes mixed^ 
and sometimes running side by side down the vein; and 
the ninth was extremely prolific in tin for a depth of 
forty-five fathoms from the surface, when it became 
as poor, and filled with iron pyrites ; but at a greater 
depth, where it traverses another mine, it has been, 
found as rich in copper as it was near the surface 
in tin. 

In vein No. 3, granite was found on one side, and 
slate on the other, and detached masses of granite akid 
slate were found both in it and No. 2 ; and frequently 
where the vein traversed granite, it contained frag* 
ments of slate ; and where it passed through slate^ 
there. w«re found in it detached masses of granite. , . 
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Ot Copper Veins. 

b. Tin Veins. 

0. Copper and Hn. 



The shaded parts are Oranite, 

the rest Slate. 



The accoant of this mine will serve ta give some 
idea of the intricacy > irregularity, and uncertainty in 
the disposition^ number^ and contents of veins ; it also 
^one furnishes such a singular assemblage of contra^ 
dictions to all received theories of veins, as to shew 
their utter inadequacy^ and the uselessness of bestow- 
ing further time upon the contradictory statements 
and empty pretensions of their inventors *. 

In the texture and hardness of the principal rocks 
traversed by these veins^ namely, granite and slate, 
there is the greatest possible variety^ but I am not 
^ivare that any concomitant effects upon the metallic 
vein have been proved. The harder the rock, of 



• Another remarkable instance of irregalar disposition of veins is de- 
scribed and figured by Mr. Williams, in his Bccount of HueT Peevor, 
in the " Geological Transactions/' iy. 139. ' 
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coarse the less profitable the vein^ or xather die uafeve 
expenfiive the operations of the miner. In slate alone 
Mr. Phillips mentions the expense of sinking a shaft 
to vary fix)m 52. to 552. per fathom ; and occasionatty 
a bed or channel of some extremely hard substance 
almost arrests the entire progress of the work ; but 
this occurrence is not frequent*. 

The means of arriving at a vein, or working a mine, 
are varied according to the nature of rock or country 
which it traverses, and are dependent upon an infimte 
variety of adventitious circumstances frequently con- 
nected with those under which the vein was originally 
discovered, and which discovery is sometimes the result 
of accident* such as hy making ioads» catling ditcbes, 
or draining land; or scanetimes it is arrived at by tint 
discovery of fmgmenta or pebUes of ore in tka beds 
of rivers^ or in alluvial soil, through which streania 
formerly appear to have passed. Thus the wmaaat 
mode qT shoding for tin consisted in tracing certain 

* << The economy of a mine may be considered under the foUowixi^ 
heads : — 

1. 'S!h9 nature of thii agrecmaatth elp i wu tti» ewMrof thswit ani 
the mine adventmer?* 

2. The arrangements between the partners or advenbners themselvesi 
and the system cf coi|trol aaA maaagemeiit appointed by- tiiem. 

3. The mode of employing and paying the nnseis end vorkmoft ia 
yse among the agents of the prixudpal concerns. 

4. The porchase- of matexials for carrying on the midert^ddhg. 

5. The sale of the ores from the mine adventurers to the f«nM>1tii ^g 
companies." 

On the Economy of the Mines of ConnraU bbA Deroiu By J^hm 
Taylor^ Esq. Qeol. Trans, in 399^ 
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akuns cratainfa^ tin* to tlie vein whmcQ they liad 
been dotecfaed. Soxntttimes the course of a vein may 
be kaiced by ihe Bstiiie of the fragments and stones 
upon tbe aurfacey more especially by their oichreous 
tints. A luiowledge» too^ of the substances wbicb, in 
difierent countries, usually accompany the ore of 
metal forming its gangue or matrix^ is oftm of much 
importance in these inquiries. In Cornwall, quartz 
is most abundant ; in Derbyshire^ carbonate of Ihne 
and fluor ; in Yorkshire, cawk, or sulphate <^ baryta ; 
ajftd in Cumberland, cawk and fluor. 

Sometimes the springs in the vicinity of metallic 
veins are so tainted as to lead to their discovery. Of 
this a singular iustanoe occurred some years ago at 
Polgelly, where the peat in the neighbourhood of the 
vein was so impregnated by sulphate of copper, as to 
leave copper in its ashes when burned. When this 
was ascertained, the injared vegetation guided to the 
vein. By the retention, therefore, of these contami* 
nated waters in the soil near the vein, it may become 
unfit for vegetation, and thus the sterility of certain 
patches of land may indicate the existence of metallic 
bodies in the district. 

There are no class of persons more curiously super- 
stitious than miners^ and hence a variety of omens, 
connected with the interference of agents from the 
q>iritual worid, are among the items of their creed. 
Sometimes while underground they fancy they hear 
anoth^ pick at work^ announcing the presence of ft 
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litdemm^ br pizey-knock^^ in some neighboviniis^ 
esvem^iand tbe consequent vicinity of « good cai|S9& 
of oftt. Sometimes even (he divining rqd is xesort^ 
to ; and sooietiiDes it is said that flonies of Ught» 
dancing about a mining district, have suddenly 
perched open the vein, and there rested for a time 
and disappeared ; a circumstance, this, not improba* 
Uy connected with electricity^ and referable perhaps 
to the good conducting power of the vein, either froia 
the ore or water which it contains ; indeed, almost all 
rich veins abound in water, which gushes from various 
parts, often of very different temperatures ; the warnaer 
it is, the more favourable to the production of ore* 
Hence, upon deep and rich mines, several steam-n 
engines of large dimensions are requisite to carry away 
diese subterranean torrents. 

. The habits, however, of the miner, are those qf 
industry and perseverance, which sometimes teinpt 
htm to exploits that excite astonishment at his venjtiH 
rous hardihood. " The very idea of a descept bo? 
neath the surface of the earth has something in it jc^ 
the terrible, at which those shudder who ^e. unac<» 
qnainted with practical mining ; but such is the force 
of habit, that any other employment rarely tempts 
him to forsake his own. The occasional perils of his, 
occupation are scarcely noticed, or if noticed, are soop., 
forgotten. He walks, often in the middle of the^ 
nighty and in all weathers, two, three, or more mile^ 
to the mine, un4i:cs8es, and puts on his^ underground 
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^thes; iKttd' wi& bis tooktiniig over hi$:«IiouUbr^ 
4edceii(k by kdders> a depdi of' a dioosand or tmlvo 
kvmdred feet, assisted by the li^t of a small caadlBi 
and w6rka hk the bottom of the mine six oreighl: houis^ 
amidst the noise of the working of the pmnpa iti 
drawing the water, with as much alacrity aod widia^ 
little sense of danger as he would feel amidst his or<!» 
dinary occnpations above grouad. We ^ould be ior* 
clined to feel pity ibr the wretch who^as an atonemeat 
{or his crimes, should be compelled to undmgo what 
the Cornish miner voluntarily undertakes for a small 
pittance, and that even of an uncertain amount *.'' 

'' The mine of Huel Cock, in the Parish of St. Just, 
is wrought eighty fathoms in length under thesea» 
below low- water mark, and the sea in some places ia 
but three fathoms over the back of the workings^ iu« 
somuch, that the tinners underneath hear the break, 
flux, ebb, and reflux, of every wave, which, upon the 
beaeh overhead, may be said to have had the run. of 
the Atlantic Ocean, for many hundred leagues, and 
<x>nsequently are amazingly powerful and boisterous* 
They also hear the rumbling noise of every nodule and 
fragment of rock, which are continually rolling apoa 
the submarine stratum ; which altogether make a kind 
of thundering roar, that would surprise, and possibly 
engage the attention of the curious stranger* Add to 
this, that several parts of the land, which were richer 
than others^ have been very indiscreetly hulked and 

•: W. FhiOipB} GeoL Tnia. it 144«. 
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worbed wit&in foot feet <rf the 8ea» lAereby^ in indbisi 
fttcm&y unestber, the noise oveihead has been so tre« 
mendoos, that the workmen have many times deserted 
their labonr, under the greatest fear lest the sea 
might break in upon them**^." 

In former times, when a vein of metal was disco* 
vered; it was worked to a certnn depth, and then often 
abandoned, in consequence of the insufficiency of the 
pamps to carry off the water, or of the expense in^^ 
curred in their erection and working. In certain situa* 
tions, however, it was found that this water ran off at 
lower levels, and that in most instances it might be 
carried away by an underground tunnel, commencing 
at the foot of the hill, penetrating to the vein, and thus 
forming a communication with the working of Htx 
mine and a neighbouring valley. These tunnds are 
now called adiis, and when it is resolved to try a veitt» 
one of these underground passages, about six feet 
high, and two and a half wide, is begun at the bottom 
of the neighbouring valley, and driven up to the vein 
for the purpose of carrying (^ the water; orifamine 
has an engine upon it to raise the water from a greater 
depth than that of the entrance of the adit, the engine 
then, instead of having to lift the water to the surface^ 
throws it off with diminished labour at the adit. In 
general, adits are nearly horizontal, fcnr although a de^ 
cKvity would accelerate the drainage, it would, in a 
passage of any length, be attended by the dKadvan-* 

* Rpyce^ MincnuQgui: Gcnrelneaiis*' 



ti^of entering ijbe Bune at less depth. The import* 
ance of draining mines by adits has led to some g^n* 
tic undertakings of this kind. The great Cornish adit 
Commences in a valley above Camony near the sea, 
and branches off in its course in several directions to 
about fifty mines in the parish of Gwennap* Most 
of these are much below its levels and the water is 
raised into it by numerous steam-engines. The entire 
length of this adit, with its various branches, is about 
twenty-six thousand fathoms, or nearly thirty miles ; 
bnt the greatest length of any one branch from the 
mouth is at Cardrew Mine, and is four thousand eight 
hundred fathoms, equal to five miles and a half; its 
greatest depth is at Wheel Hope, equal to seventy 
&thoms. It empties itself into Falmouth Harbour. 

The adit of the Duke of Bridgewater-s collieries at 
Worsley is about thirty miles long, and navigable* 
Another great work of this kind is the tunnel of the 
Tavistock Canal, through Morwel Down, joining the 
Biver Tavy with the Tamer^ and nearly two miles 
long underground, at a depth in many places of <Mie 
hundred and thirty yards from the surface. The sec* 
tion of this hill shows the beds or dykes of quartz and 
por[^yritic rock which traverse the killas or slate, of 
which the bulk of the hill is formed, and the direction 
of which is nearly parallel, ranging east and west. It 
also shows the differing inclination or dip of the me- 
tallic veins. 

Another great adit is the Nantforce level^ near 
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Alston Moor, driving at the expense of the commis- 
^ioners of the Oreenwtch Hospital estates; 4t wU - 
drain many valuable mines. 

. Where an adit is of any length, it is obvious that 
the air would become stagnant in it, and hence the 
necessity of fresh supplies, derived from perpendicular 
openings, uhich are called shafU^ and v^hich also 
serve for the. removal of the produce, and the more 
direct access of the miners to their work. From these 
shafts, Uxeh or galleries are excavated, and driven in 
various directions, either for exploring or removing 
the contents of the vein. 

. The states in which metals are found in veins, or 
the combinations which they present, are extremely 
various. In a few cases they occur in the jnetallic 
state, nearly or quite pure, and these are termed na- 
tive; but generally the qualities of the metal are di$«» 
guised by some mineralizer^ isuch as sulphur, arsenic^ 
or oxygen,' and these ores are again variously modified 
by the presence of other extraneous substances, leavi 
ing much to the industry and skill of the metallui^tf 
before the metal can be reduced or brought by varioo^^ 
chemical processes to its pure form, to the state ia 
which it is required for the purposes of the maaufac-^ 
tares and of the arts. 




Of the Decompo^tioh ftnd Decay of Hotlu. — Agencies of Vftier, ind 
otCluupgei of Temperature. Relativa Durability of Boclg.— Source* 
of Reproiluctton. 

In the foregoing pages, occasional allusion has been 
made to the rdative permanence of the rocbs that 
encrust our globe, and to the agents which give rise 
to their disintegration and decay ; subjects vhicb I 
propose now to pursue more in detail, and especi^y 
to examine the cause and apparent ends of those 
mechanical and chemical processes goiug on in the 
great laboratory of nature, tending to a gradual cliange 
of the present appearance of the earth's surface, either 
by the Trearing away of its strata, or by the accumula- 
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tion of materials^ whidi^ by thek filaw ogiwpliditfcto, 
qppear to be fonmog sew ones. r x^ 

In the animal, and in the vegetable creatioo^ th»t 
el^nentary substances are in a perpetual circle oE 
modification. The seed expands in the gfoond, tlvr 
plant thrives, the tree is formed, it produces itk 
&me^ fruit, and seed, it grows old, dedines, and 
decays, being resolved into those substances, Iqr tiie 
union of which its various forms and products veie at 
one time or other composed* New plants arise firaia 
its decayed parts, and these attain their youth and 
age, and decay in various times, and under di&mi 
cucumstances, but still presenting us with the aama 
unaltered succession. In the animal creation, ene- 
generation succeeds another with equally unerring 
uniformity ; and though in regard to both IdngdoiaBS^ 
of nature, some great catastrophe, or natnral eveatf 
seems to have swept away genera and species that 
once existed, they have apparently been supjdied by^ 
otheb preserving the saine general characters, tbn^ 
perhaps differing in particular circumstanced of fittm, 
habit, and propensities. Upon these cfaaages cai» 
attention is the more immoveably riveted, from 'tikw 
immediate and obvious connexion with oor own stated- 
existence, and destinies; and we are less aNMiks W 
those more diow and imperceptible changes to whi<^ 
the inanimate creation also b subject, and to irfrieh 
toientific inquiry and geologieal history ne aessafil y^ 
caH <»ir obsanratiDtt* 



SiBt Xj] X9FBOTS 4)9 CHANQSS OF TBMPEBATVRE. 



193 



If ^ire look upon the landscape that surrounds us, 
every where discern the fingers of that ** slow but 
satpe destroyer, Time," busy in modifying the present 
a^>eet and appearance of things. The bold and 
jragged outline of the mountain-chain, full of broken 
peaks, abrupt precipices, extensive rifts and caverns ; 
tlie deepeiiing^ of the valley beneath, covered with a 
feitile soil l»rought down by the neighbouring streams, 
a&d bound together and enriched by organic remains ; 
tbe rapid and turbid river expanding into the calm 
and undisturbed lake, whence it again issues, as it 
wsxe^ in renovated purity, and with new powers of 
fertilization, — am so many monuments of the devas- 
tation which a former order of things has suffered, 
and the records of the changes that are now going on. 
Let us examine a little into the powers whose aggre- 
gate li^uence is producing these efiects, and endea- 
vour to trace the purposes which are thus fulfilled in 
the general, as well as in the particular, economy of 
nstiure* 

And fiist, among the great powers of matter active 
in ifNToduciog these changes, heat and cold are ob* 
viouflly at all times concerned in exciting dilatations 
and OHitractioQs, and thus keeping up a perpetual but 
varying motion among the particles upon which they 
aot. Of such changes, the sun is the grand source, 
to whose vnrying influence the earth, in its diurnal 
reyG^Uoi|9 upon its axis, and in its annual circum«< 
volutions through space, is always exposed. It may 

o 
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ie«ni that the mere inflnence of change of temperatare 
derived from the solar rays, must be of little efficacy 
in disiotegratiDg hard and solid substances : hot when 
ire reflect upon the very considerable range of natural 
femperatnres, and on the great receptive and emissive 
poiwrs, in respect to radiant heat^ which the surfeces 
of some roehs present, very considemble transitions 
from heat to cold, and the reverse may ensue, and 
acting upon certain textures, may alone lend power- 
fill aid to the general woric of decay. 

When the influence of heat is conjoined with Ae 
varied agencies of water, the powers of destruction 
will not only be materially increased, but rendered, m 
many instances, rapid and irresistible. About two- 
thirds of our globe may be regarded as covered with 
the waters of the ocean, having, according to La Place, 
ft mean depth of about four miles. Now, in the first 
place, this immense body of water, kept in continual 
motion and fluctuation by the attraction of the moon, 
and by the influence of winds, contributes materially 
to diminish the solid boundaries which are opposed to 
its inroads. How legibly are such effects recorded 
upon the bold and rocky coasts that environ many 
parts of our island. Their irregular and precipitous 
outline, the deep gulphs and projecting promontories 
by which they are indented ; the evident relation of 
these and similar irregularities to the soft or hard 
structure, and destructibility of the rocks, as well as 
to the situation of the shore and force of the waves. 
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show hovr mtich the present aspect aikl extent c^ Ike 
riiore has been inftienced by &e dctton of the sea. 
The barren and abrupt cliffs whtcb bang over Ui« 
deep, the strata bcAowed and carved ovrt mio nil Mads 
of forms and irfegiaiaTkies, somefinies perforata into 
natnral areflfe&, insulated kifo edoims, or (fivided itM 
ftnal) and seattefed islands^ are similar and not lesii 
nneqaivoeal proofs of the gigantic force and gradttol 
fnroads of the ocean, and exhifytt so tnany variotM 
stages of destmctron; and on sucb shoras, &e frttg^ 
mentsofrocb, once detached, become insfrumenfs of 
farther destrnction, and ma&e (as Mr. Flayfair has 
expressed it) a part of the powerftrf artilfery witfc 
which Hhe ocean assaiis the bulwark of the. Iknd. 
They are impefled against the rocks, ftotn which they 
break off" other fragments, and the whofe* are' then* 
ground against one another; whatever be their hard- 
ness, they are reduced to gmvel, the smootft anrf 
round figure of which- is the most certain proof of i* 
detritus which nothing can resist 

Upon flat shores, it is true t!bat an opposite effect 
appears often to be carrying on, and that there the 
land seems sometimes to be gaining upon the ocean. 
StiB, however, we are to recollect that the materials* 
thus depositing m the form of sand, or of various 
agglutinations of siliceous and calcareous matters, is 
derived from the neighbouring hills ; and thus, that 
what the land gains in extent, it loses in elevation ; 
and that as far as this source of its increase is con- 

o 2 
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twudy h is actaally a monument of ila detey/ ^^ 
donnciiig depredations elsevfaeie^ and shawing a meie 
ramoval of materiak. 

Let Qs now turn our attention to those joint agencies 
of heat and water, which are connected with its- evUf- 
poration, and with the fonnalion of rivers* Water 
raided in vapour is rendered portable even upon the 
If i»g8 of the lightest breeze, and is wafted with greater 
&cility than sdr itself^ into the high and moontainoas 
regions of the land. Where these are of sufficient 
elevation, it is deposited in the form of frozen mist& 
upon their summits, and gradually accumulating^ 
forms those immense deposites of snow^ wfaichy by 
their own weighty slide down into the neighboimng 
vaUies, and thence descend even into the plain,, form- 
ing glaciers, and thawing into torrents, which, by^ 
their union^ ultimately constitute the river that retutnar 
ita waters to the ocean, whence they again circidate 
in the same round. Or if the country is comparatively , 
low, if there are hills instead of mountains^ and ^fL 
»id yielding strata, in place of the hard and durablo 
materials of the primary mountains^ the precipiia^t^r 
water there filters through the various crevices^ an^^ 
finding an exit in some of the neighbouring lowlnnds^^ 
quietly contributes to the springs and fountains V^ij^fr^. 
fertilise the adjacept vallies, and which ultimajbely 
uniting into brooks and rivulets, gradually augment, 
their forces, and widen into some gently'-flo\Kiqgj 
stream^ Thus the naagnitifde, the power, aoji, ^feft. 
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•stent of a rivet will depend upon ihe ctfCum^fsoMs 
of ito origin^ and the nature of the country in vlticli 
it takes its rise ; but it in all cases exhibits to us the 
leanlt of a perpetual distillation from the ocean, the 
waters of which are transported to the most inland 
aitoations, and tend, in their return to the sea, aome^ 
^imes to harrow up and destroy, but always to fertilii^e 
and adorn part, at least, of the soil and country 
through which they return to the deep. 

It is contended by the Huttonian geologists, and in« 
deed in some places seems obvious, that the valleys in 
which rivers run are the work of their own waters. 
Sometimes it is true that we remark some vast chasm 
in which a river pursues a turbulent and irregular 
course, and which from its abrupt and angular lines^ 
as well as from the nature of the adjacent country, 
and that of the intersected rocks, seems to announce 
some great and sudden convulsion, by which the chan^ 
nel it now occupies has been formed, and of which the 
sides or walls are rather rent and torn asunder, than 
worn by the slow operation of the waters. This is, for 
instance, the impression which we receive on examin«- 
itig the shattered and rugged crags over which the 
river Pyers falls, and which have been adverted to in a 
fbrmer secti<$n. 

^ Such cases, however, are among the numerous ex- 
captions to which all geological generalizations are 
liitblie^, and rivers, when examined as to their course 
and efects, instead of appearing to flow in valteys 
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farmed fi>r tbeir receplipQ by ^pme accWental fl»iiie« 
iMm pften to have cut their own chanaek* slowly btit 
sanely e^icavating aad eroding the land^ and eDgnving 
that curious assemblage of Un^ upon the surface of 
the globe, which the trunks aod branches of rivens ex^ 
hibit* This is Huttouian doctrine ; and if we now 
suppose this process going on through a long suoees- 
sion of ages, and when the earth's sui&ce was in a 
very different 9iBie from that which it now presents, 
when periiaps the primitive chains of mountains were 
covered by other uiore yielding strata, it is obvious 
that the destructive effect of water wcHild be much 
gineater in some places than oth^s ; that certain strata 
wouldv from their softness, perhaps even from their 
solubility, yield rapidly to its action ; and that others 
would long resist even its impetuous and utmost 
attacks, and that it might therefore be e^tpected that 
a succession of lakes and cataracts did once exist in 
many rivers, which have been obliterated. To put 
thi« subject in a clearer point of view, — let us inquire 
how&r the present beds and chaanels of rivers exhibit 
traces of such changes, and then compare this fonner 
Older of things with the phenomena belonging to our 
present lakes and waterfalls ; thus we shall be able, 
without the assistance of theory, to foim an idea of 
the decay and detrition which rivers occasion, and of 
the various causes which have contributed to modify 
their effects, and establish or alter their courses. 
In the first place, successive terraces upon the 
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jBi^iuttMM «pd killfl that fiMd Ihe Hides of the ««Uir|ff 
in wUcli wme rive» now flow, as igneU ei the imtiire of 
jsaod and ^Uayial matter of the vallej itself i&teniectod 
by the ptemni bed of the river, show thfli the verdaot 
slopes and picturesque declivities^ which coostitute itB 
present bouodaiy, were ooce covered by its waten j 
ihatihej were, in fact, the bottom of lakes, tod that 
the chasm or opeaiogt by which llie waters vow find 
Iheir xeady exit, did not eadst at some former period, 
but has arisen from some gradual or sudden bieach 
e&cted in a weak part of the boundaries of ihe gresit 
bafiin of watar that once covered the country* Of the 
(Operation o[ sudi causes, in the prodftM:tioa of the 
paraUel loads of Lochaber, we have formerly spoken ; 
and in furtber proof of the mode of their formation^ we 
may notice the rounded masses aod fica^ents of rocJc 
which lie upon the ahelires^ and whicb resemble those 
cAen seen upon the miaiigin and in the shaUow water 
of Alpine lakes : and aibo the difl^ence of thesoil tn 
-each vailey above and bdow its higjliest line of shelf; 
all above this natural division being fonnd to resemble 
the bare moorish soil which usually covjnts mom^ia^ 
whilst lazge depositions of alluvial ciay» satid, pebbles^ 
and gravel, present themselves everywhere below that 
point, and are especially aocuouilated at the mouths 
of the difibent valleys. (Ed. FhU. Trasu. IX., 12.) 
Jknd egsia^ wherever an isolated hill bapp^is to arise 
irouL tbe bottom of the vaUey to a height above that of 
the level of any sbel^ a line runs round it at a level 
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^iQiky/b^ fiOPsidciReda^ «howiqg the ab^eiiQe^ifitlic^ 
i^ai^Ofida of Uie ioceao^ Let iis now atippoise adeep h^ 
IWt,befw^6n i|iou9^4fl'iisiBg with ete^ eqcUvitiedt to 
hs^yahoeik SiHrmed by peat momttain-toiveBfts ooraii^ 
jierbflj^ froBo: beigbte aow no longef codstiflg. <x Ibcnied 
in iany otber < way, and that such a hoUoir i» paitly 
filled with wat^r, then the agitation of the smfaoe^ of 
this water will tend to wear away its banks, but all be^ 
ing quiet beneath, it will not be elsewhere nSecitSkd^ 
The water will thus occasion the falling doWn of pelt 
of the materials from above, the finest and'Sttiallestt>r 
f4iich will be washed away and sink to the botlota, 
twbile the larger masses will remain, and slowly aecur 
anulfUje upon the brink, forming a shelf, tibe mid^^ 
'which will vary with the nature of . the sonroiilkdiQg 
a-ocks. Now we know that all the great laketi of moni^ 
tainons. countries are nearly of this description, 'ltQd>ft 
is evident that the sudden escape of a part of the ^^ifr 
^ such a lake would produce an appe^ranoe cti^- 
bliug that of the parallel roads. Mr. Dick my^ 
paper in the Edinburgh Phibfophical Tmimaotifms 
already quoted, has instanced, in illustisation of wiofca 
catastrophe, the vaJJey of Subiaco^ in *he Apemindil : 
followi^^ tjie *90i;yrse of the river Te¥€»*olie ^vbk^ 
ftQWihq tqwn.of^biaqo, (whijph.^ an^ italim.tsM-- 
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htKmny} die nioiiiitains soon narrow into a vtty deep 
gten,' winch IS suddenly blodKd^ by a voefcy waH 
abMt one hnadved feet hq^^and dune h an dl e d in 
thieknegs, and whi^ is rent asander^ as it seemt^ «l 
I^t, having a perpendicnlar 4hasni tnMreisidg it only 
firelv^ or fifteen feet wide, and occupied by the paa- 
lage ef 4ie riter. This barrier is perpendiccdar to* 
wards Sabiaco, but npon the oQier side, wUdi looks np 
the river, it presents a gradnal sh^. Having got be^ 
yond diis nxk, the river mns in a deep and precijA* 
tons valley, and high np on the face of the hills on Hbe 
sonth side, are the remains of the baths of Nero, and 
the mouth of the aquednct by which Appias Claudius 
eonveyed water to Rome from the lake which originally 
filled the vaUey to that height ; and on a levd with 
thlsse^ extending round the whole of the nei^boniing 
hilb, is a parallel road. This lake and aquednct are 
aneHtioned by Tacitus {Ann. lib. XL, cap. 13), and 
what is remarkable, the same historian^ adverting to the 
testderice of Nero, mentions the fact of the Emperor 
^having been idarmed by prodigies whilst in that retreat. 
fFhien ihe lake broke its boundary, either by washing 
)0bt a vein of some soft material contained in the ere- 
^vic6, or when the strata were disturbed by any other 
cause, is not on record ; but it probably took place after 
the sixth and before the tenth century. The original 
: |HisBi|ge of the river over the boundary, is shown by 
the era$t of travertiao tufa, or stalactite, which encrusts 



4ka liowftoae lock, and which eucfly reaEtebfa thfi^ 
jiow fomiiig at Tivolt, 

Bat k is AOt oeoesBaiy to go back beyond our own 
tizoea for eveats anak^goas to those which are recorded 
by the parallel roada» and by the vale of Subiaca 
Ooiy a few years tfp a kke burst its baniers in the 
Valais, and the rush of water carried destruction be- 
lore il; as £ur as Mattigny. Similar inuodatioos aie 
adverted to by Saussare, who says that ia some part of 
the Alps where the rocks are composed of easily-disr 
iiit£gntiQgschist» dreadful accidents occur* from accor 
nmladons of water in its natural basins and cavities, 
which often burst the crumbling sides of their reseF- 
wars, and descend with a terrible impetuosity in the 
state of aliqnid mud« mixed with fragments of slate 
and other lodks. The impulsive fonce, he says, of this 
half«iiqujd, half*soUd mass is beyond description* It 
tears down rocks, eradicates trees^ destroys buildings» 
and overwhelms and desolates the fields, by exca^ 
vating deep lavtnesy and covering the aurfisce with 
fingmented rocks, gravd, and mud. To compare great 
things with small, those who remember the barstifig 
of a vat a lew years a^ in Meux's brewery, may form 
some notion of the catastrophe derived even from a 
very small natural accumulation of water breaking 
suddenly upon the neighbouring territories. 

Thus, then, we have considered some of tfie most 
important evidence of the destructive powers of water, 
as rendered appar^t by the natuie of the beds of 
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m^r%9 by tfae excuvation <»f iralfejrs, by tbe trom wad 
hrohm aspect of rocky ooaste oppoc^ to the unceas^ 
tng wwfsve of liie ocean's wareB, If we combine these 
abrtmct pawetB, as it were, of water, mth those 
which it derives from changes of temperature, its 
eoeigies as a destructive agent become mom rapid and 
irresistible. Many substoiceis of a spongy textore ab* 
lorb it in considerable quantities^ and die contiactiooa 
and expansions. vrbich it soffers in their pores tend to 
tfaeir ntpid disintegration. This ifo see in chalk and 
sawktonet in Bath and Poitland stone, and in several 
other maienals^ which are tiius crumbled down and 
wOrn into dust, often with a ^uprising degree of 
celerity* Several of the puUic buildings of London 
famish Ulustrations of thia truth ; many of the modem 
structures in Oxford are already more decayed than 
their ancient neighbours, constructed of less porous 
stone. In Henry YlVs Chapel, as it appeared before 
its recent renovation, all the laboumed sculpture and 
Godiic fretwork was worn and eaten away in the 
course of three bundled years, and nxyw it has been 
modemij^ed at great expensot in the very same ma* 
terial. Indeed, in respect to all these substances in 
nature, we remark in their rounded outline, in the 
debris that covers their sur&oe, in thdr eroded and 
undermined walls where exposed to the action of the 
waves, and in the turbid waters of the springs and 
streams that descend from their summits and sides, the 
extreme facility with which wat^, aided by changes of 



teaj >M>ttoe» ■ <ffeota tksir ^ireethig Mpsy fthdnrfnnfaric^ 
tiotiL Its {iQiNieiv ki tbtt<ieq)ect aiie also tnUy gig^n^ 
opoQ ceftaia' rooks, wkichi^ fiom a laminated wMkf 
flkracturey admit it ioto their crevices^ wheoe it freetesr 
aiid tltfovs alternately) and thus gcadoally ioosetid 
QBonBOttft flakes and masses, which^ sliding down tbeiir 
laBcipilout sides), shatter afnd fragment the surfece^ 
acoinaalating below in soch quantities as to form « 
hill at the foot of the parent-mountain. Such appear^ 
aaoes we ^ee on some parts of the coastof Cornwall 
and Devon, in naany pavts of the great sdiistose ridge 
in North Wales, and more decidedly in the softer 
shales, as of Derbyshire for instance, wfaere^ in the 
devotion called Mam Torre, masses and fragments 
ave perpetoally descending, and have accamulated intd^ 
a daaly4ncTeasing hill. 

But with these mechanical agencies of water its 
chemical powers are frequently combined, and Us 
sohent agencies (in a pure state often very consideiv 
able) are augmented, as far as certain todbs at ieadt^ 
are concerned, by the absorption of carbonic ackf, 
derived frequently from the atmosphere, atid fre^ 
quently from subterranean sources. Thus itis'fiiat' 
the waters which traverse limestone districts are oRett 
sa loaded with calcareous carbonate, as to deposii %- 
upon their banks and predpices m the foitn' bfiufd, 
or ta petrify substanfoes accidentallytbrown 'intO'ffi^• 
stce|an)or:ibuntai^, as we 4See in the pctnfyitig wdl^ofi 
Majttoch^ror ?wbere4beae Wat^fe tricHe th^igh* ffi^^^ 
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oeiliii^^tBtid pfistfade the' walk of those natmBl' ewwB# 
in ivh»d| limestone istcatsL abound, thefstnd-thdr sides 
withiiaii iafisiiiytof brilliant orystallitie depositts^^qr 
{Qcm depends stahetiteS) that brnxig from the Toof iff 
a ithoQtiaiid fantastic forms ; or in oAe^ cases^ ihtf 
slawfy det>Qsit their onee^issolv^ '0otfleiits^c8o<^«» 
CQAlpletely: to obliterate entire cavitieit, wfaioh:thi]Sf 
bec3ome quaoriea of that beautifal lamellar spar oalled 
^dlagndbe. Of all these peculiarities in the action of 
water upon limestone strata, Derb]^bire fomishes iii>^ 
structive and interesting itlustratioiis ; and in the 
caverns in the calcareous sandstone of FontainbleauV 
thi^ yet more remarkable phenomena of Ae crydtaUi-- 
a^ion.of the carbonate of lime enveloping sand; soa» 
tp^alter its texture^ but not its form> occurs. Lastly^^ 
let us ascend to the primitive rocks, and anpi^ thenr 
MFC shall find that even granite itself is open to the 
attacks and inroads of one or other, and aometimes o£ 
ally the decomposing and destructive agents which we 
I^ve numerated. Some of its varieties are^ it is true, 
e:^^ely pi^rmanent, even in mountain massesi and 
&ee)|i almost imperishable, when considered in respect 
tcv^^ejr uses in the arts. Witness the mighty remains 
of ,tl>e ancient Egyptian sculptors, executed in this 
l^rd and durable material ; or look at the high state 
o^ preservation which some ancient temples, of a very 
r^Doo^ daiQ^ present^ and which stiU stand nearly 
p^fecj^i, ai^idit the fragments and dust of contempo^ 
raiy ^ificei^) Ciopsjtmetedl.of nia«i)l«r ami othevi sa£tei:< 
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kindtf <tf stone, as proofs and iBasfratioiia of titfese 
marks. Tbe beaoty of gramte, as a modem b«a3&if; 
material^ may bo seen in many of the pvMic edifices 
of Dublm ; and when we reflecl upon the ease wid» 
vUch it msj be- bvoaght into this nietropolis^ from 
tsnriocis parts of tbe British doffiiniocis, by water- 
csHrriage, oae is involunftavily led te^ fegret &ie con^ 
tmued me of Pbrdand and Bafli stone m some of tire 
magnificeiit woiks now in progressr. To these lemailes 
however, Waterioo Bridge and the New Londoir 
Bridge famish splendid exceptions, and tiie inate<« 
rial of which they^ are constructed, no less &stt Ae 
grand simpGcity of the designs, and tire perfection at 
ttsecation, unite to constitute them Stand durable pnbr- 
Uc memorials of the genius and skill of the architect. 

The deaay of granite, considered in relation to its 
mouatain masses, is effiscted in various ways, depend- 
ing opon the structure and composition of the rock. 
In Cornwall, fiw instance, there are large patches of 
granite so soft and yielding, that it may be mbbed to 
pcrwder between the fingers, and the grains of quarfr 
and mica may be separated from the pulverulent 
felspar, which is the ingredient that undergoes decom- 
position, and forms a fine white powder, which is 
washed out of the rock by the rain and streams that 
percolate the district. A very striking assemblage of 
these decomposing granite hiUs is presented in an ex- 
cavation near St. Austle, in Cornwall, known by the 
name of Carglaise Tin-mine. The veins of ore are 
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Iiffird«r than fbe rock ittielf, and easily traced upon its 
rapidly-decayii^ siirface ; and every riH of water that 
traverses the works is loaded with that finely-divided 
fdspar^ so abnndanfly deposited in all the lowknds of 
&e neighboarbood, and latgdy exported, under flte 
name of Cornish or Porcelain Clay. 

At the Land's End the granite ia of a very differenf 
character, and does not soffer that chemical change, 
iirhich pmbahiy consists in the abstraction Of the alhtt^ 
line matter of its felspar, causing it to disintegrafe in 
the manner just described; bot there it aplits into 
ttstnral blocks^ wbld> are gradually removied from eaeh 
Oth^r by the congelation of the water that gets between 
Aem ; and where the surface is precipitona, thej are 
thnft often dislodged, and fall into the valley, or upon 
the beach beneadi. The tendency of these square 
blocks to yield at tbeir edges and angleato the weather, 
and thus to acquire a spheroidical appearance, inde- 
pendent of attrition by Ifater, has already been ad« 
verted to in mentioning the granite Tors of Cornwall. 

In other granitic districts, the structure of the 
rock is more decidedly lamellar, or stratified, and the 
direction of the fissures vertical, or nearly so. Some- 
times they appear made up of successive layers, a 
texture seen in many of the Alpine peaks of Mont 
Blanc; and where this is the case, their decay pro- 
duces that jagged and irregular appearance which we 
see, for instance, around the summit of Mont Anvert, 
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ioraiiiig Ae n$eJUe$ of ChEinoairi* When to tliece 
eanaes of destraction we unite the effects of dioae 
Miormous acGumuktiong of ice and snow, constitating 
the Glacieisof the Alpine regions ; when we see these 
JmnenHft moantains» for such they are, ccmiposed of 
aggregated masses of rocks and ice^ continually tra- 
ydling into the valley, and» acted upon by the ele- 
vated temperature, thawing into rivers, or suddenly 
fiJling from their elevated stations, and destroying 
every thing in their path^ it is impossible not to be 
forcibly impressed with the great work of destruction 
which is thus carrying on* Indeed, we can scarcdy 
pass an hour amongst the mountains that border 
Mont Blanc, without seeing or hearing an avalanche, 
filling with a noise that equals the most tremendous 
thunder«clap, from some of the neighbouring heights. 
We have now considered the principal agents by 
which the disintegration and decay of rocks is effected; 
and have witnessed, as the joint result of their opera- 
tion, a continual wearing away of the strata, to such 
an extent, indeed, that, in the progress of years, some 
g^logists have anticipated the entire disappearance of 
all irregularities upon the earth's surface. Thus the 
Huttonians would have us believe, that the countries 
that are now so beautifully diversified with hill and 
dale, and the mountains that shade and fructify the 
valley by their streams, are to be worn down into arid 
deserts — ^their materials are to be transported into the 
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ai«(*m-^Dd ^e globe afRifl be^otue e&f&t«d ull^ flft) 
#«t€*s df tH« deep. AM if ^fe gd bddc to ow IftSflgf- 
Dtttioii to a fottheif peAoA of th^ eslrtbj Tve ifiay stip 
pi:^ thM, irh)c«^ the iMlii^ df^eMidtt^ hdi^e iN^en gdiiffg 
cm fof ifcgest, thodegt'eitt ^kikts §f mou^Mni^ whlK»^ ^ 
sent sfftte ire Imve joist dratenirpldfed; ll#^ ffr^tefi^ll^ 
but the remaitis of masses infinitely greater itfd m^fll 
lofty ; that peirhupa they have been tby^i^ Willi dSMSf 
materials, and ttiit these have beeif t^n<s3atftljr ve^ 
moved. Of sitch temoval, it is presumed, ^«f 6fUih 
Incve difttitict evidence in the iiidcdttted md^m of tff^ 
rdcks, whieh, if thrown up in a Jci§ed im^ ixM Iheif 
present situation^ must necessarily have beeh sti#<» 
rdtitided and supported by milteHali^^ the sUbseqaent 
i«mbvftl of which ndW exhibits the naked and ihs(dated^ 
m&ss* 

Soch fare at least some 6f Dr. Huttotf s pTijlcipia^^ 
hh theory regards all the materiaJs df bur present 
strata as on their road to the deep^-^it allows^ of nor 
exif^tlon td the laW 6f decay. But as the Author cff 
N«Lture hfts not giveti laws to the nnivferse, which, 
like humaln institutions, carry with them the elements 
df fheit" own destruction ; as he has not perUiitted iti 
Hit^'Wbrks afty symptom of iilfkncy or of old age; it 
was necessary in this theory to provide for reproduc- 
tion, and sucti ft provision Dr. Htrtton has derived 
frbtii the ageiicfy cf subndarine fire, by which the sub- 
sfattices now accumulating Ih the depths df the sed 
are to be agaiU agglutinated and elevated. '' From 

p 
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the lattd oo^ . going to decay.*^ say^ Mr. PjAy&ir; 
V fiom the Mind and gtavel forming on the 8ea**8faore» 
or. in the beds of rivers; from the sheUs and corak 
which, kx sock ^lormoos quantitiesi are every xlay.ac- 
cwnnlated in the bosom of the sea; from the drifts 
wood and the multitude of vegetable and animal 
•mwninn eoptiniially deposited in the ocean — ^from all 
these we cannot doubt that strata are now forming in 
those legions to which nature seeoas to have confined 
tibe powers of mineral reproduction, and from which, 
after being consolidatedi they are again destined to 
emerge, and to exhibit a series of changes similar 
tothepast." 

IC however, we examine the progress of this decay 
a little more closely, we shall, I think, discern several 
intermediate (^posing agents, which the Huttonian 
theory overlooks, and shaU perhaps be incliojed to 
consider the changes that are going on, rather as tend- 
ing to increase the habitable surface of the globe, to 
add to its beauty, to its fitness for the support of life, 
to convert uninhabitable and barren portions Jnto 
fruitful and populous territories* Such, at least, has 
been their efiect — such. seems to be their present 
operation — and . such their ultimate end. Let ^s, 
therefore, briefly inquire into the compensating and 
regenerating effects of the causes we have enumerated, 
independent of that ultimate reproduction at which 
the Huttonian theory points. 
Jnthe first place, the formation. of soils, by. the 
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n^ashing down of finely divided earthy partkiii» froln 
the mountainous land, and their accumulation in the 
I^in or valley, or upon the shelves or horizontal 
ridges of the hills, naturally attracts our attention as 
an important and beneficial consequence of tlusuniver^ 
sal degradation of the globe. Of dits finely-divided mat- 
ter, it is true that a very great portion forms the mefe 
mud of rivers, but where they are slackened in their pni^ 
gress, or where they widen out into lakes, they slowly 
deposit it upon their banks, increasing the extent of the 
neighbouring meadows^ and diminishing their own 
boundaries. We see the troubled waters of the mpuntmu 
stream again issuing from the late, pure and pellucid 
^-^^e observe the lake slowly filling up, and its sandy 
accumulations, bound together by the reeds and grass 
upon its banks, resist the fluctuations of its waters, 
and soon become firm ground. Of this the lakes of 
Scotland and of Cumberland furnish abundant proofs, 
but the lake of Geneva presents us with the most 
grand and instructive illustration. That immense basin 
of fresh water is, like all other lakes, gradually dimi- 
nishing in mean depth ; the Rhone, with its countless 
tributary streams, is seen pouring its abundant waters, 
turlHd with the debris of the great Alpine chain of 
the Valais, into the eastern end of the lake ; there 
the river is always loaded with finely-divided matter, 
and muddy and opaque, but when it again issues 
from the opposite extremity, its waters are of the 
brightest hue ; and as it hurries its divided streams 
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flircrngh the streets of Geneva, the observer's fttteti- 
fion is always arrested by the peculiar blu^ tint trhich 
announces its extreme purity. This is the history of 
all laked, and these again are btft the types of the 
ocean itself— that great resertoir, into whose depths 
fill the imparities of the land-streami^ ate ultimately 
consigned, and from which the waters are again rdis^d 
in renovated purity, to return to the edrth in fertiliz-' 
ifig showers, or to be cotidensed into stresuiis, and 
accutnulated into rivets and lakes by the summits of 
hills and mountains. What may be the effect of 
various and contending streams in the bosom of the 
deep, ot what thfe etact arrangement and final distri- 
bution of the niatter carried into it — to what flew 
agencies it tnay there be liable, or to whstt modifica- 
tions of the known powers of matter, can scSircely be 
surmised ; but we know thus liitich fof dertain, that 
lio inconsidetable portion of it is throt^it up in the 
form of bars and sdndbanks, at the months of rivers — ■' 
that shallows are formed ilpori coasts — that it is fre- 
quently agglutinated upon flat and shelving ^hcftes 
into new strata — and that ttiuch Is mddified by the 
incessant labours of zoophytid animals into cotal and 
madrepores, of which enormous shoals, and islands, 
and ev6n parts of continents, are visibly formed, and 
df which there no doubt exist enormous arid unknown 
accumulations in hitherf6-une*plored regions. In 
short, the aggregate eflfecfs of the labours 6f these 
microscopic animals surpass alf calculMiori. They 
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probftWy copini9iici9 thi^ir work w^n i^pwe 8ubm9f ip^ 

rogk, »nd it is contwaed by pmcpesrivp r^^« till the 
enprmoup wall of cor4 ireacbes the 9ur&ce< Tb^ 
qa^e to rm^ it perpendii^uhrly ^howe^ 9ays Cftpt^isi 
Flinders;) a r#ip«^)(abte iQstinc^ m tb^se dimiputiva 
cre^turi^ I d»n4 being g^eFp.IIy built whore the wiodjs 
lire constant, it affords a sbdter, upon the te^ward of 
/which th^ir iafant colouies imay safely be sent forth. 
To this iqstiQctiv^ foresight it seems to be owiiig that 
the windward sido pf a coral-reef, exposed to the open 
^a, is generally the highest part, often rising from tibe 
d^pth of som^ hundred fathoms. These animals 
always wprlf under wator, but the sand and broken 
remnant^ thrown i}p by the sea adhere to the reef» 
ai^d fiprip a $plid mass as high as the tidei; reach. 
The new baiik is thep visited by guUs and other sea- 
birds; p^arine VQgQtables next take root upon it, apd a 
soil begins to be formed* Perhaps a cocoa-nut is 
thrown up by tho water, or land^birds visit it, and 
deposit th? Sf3^4s of shrubs apd trees. It thus gra- 
dually assumes the form of a verdant island, and, 
lastly, B|ia9 b^cQm^s its possessor. 

Thus w^ ^§ that if, on the one hapd, destructive 
agents are continually, at work, renovation is also 
going on ; sometimes by mechanical operations, and 
at others by the labours of various animal tribes, re- 
generation of surface is effected to a remarkable and 
unexpected extent. To this end the vegetable crea- 
tion is also conducive, and when, by some of the 
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operations which we have considered, a stratum of 
finely^¥ided matter is lodged upon a rocky Burfacey 
It is detained there, and matted together by the growth 
of various plants, which thus not only detain the soil 
Itself, but incrust and protect the rock which supports 
It, from the various agents of degradation that are at 
work upon its naked neighbour : heath attaches vege- 
tation to a sandy soil ; moss fixes it upon a rocky sur- 
face, and herbs and brambles interweave their roots 
land render it permanent. Under these circumstances, 
as toon as decomposition of a rock commences, aspe- 
rities are softened down, and steep and abrupt preci- 
pices gradually converted into regular and gentle slopes; 
the seeds of lichens, which are constantly floating in 
the air, make these their resting-places ; their gene- 
rations occupy it till a finely-divided earth is formed, 
capable of supporting moss and heath. Acted upon 
by light and heat, these plants drink in the dew, and 
convert the constituent parts of the atmosphere into 
nourishment. Their death and decay afford food for 
a more perfect species of vegetable, and at length a 
mould is formed, in which even the trees of the forest 
£x their roots^ and which is capable of rewarding the 
labours of the cultivator. 
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In the pteceding p&ges, we have examined the mate- 
riab which compose the strata or crust eovelopin); our 
planet ; we have ioquired into the order of their sue- 
cessioD, into the nature of their component parts, into 
the evidences -nrhich they exhibit of the destniction of 
a former order of things, and into a few of the theories 
which have attempted to account for their origin and 
successive changes. We were thence led to consider 
the alterations whidi they are suffering by the sloif 
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action of the elements^ and the causes and effects of 
their wearing down and decay. Thus have we found 
that although the inanimate creation is in «, st^te ef 
apparent quiescence and repose, gradual operations 
and unheeded processes are everywhere carrying pip, 
which, though not apparent to the superficial observer^ 
display to the more inquisitive eye of science ^ serii^s 
of wonderful and ofieQ une]q)ected causes, tini4i99 to 
tb# pyodoction pf the most beoefit^ial efeets, m4 
opening mw evidence of the design and bamM^y (iMlt 
p(^fvades the w(M, And if we, imperfect in out eom" 
pi#beiusi(w, wd limited m our ppwer», dwelling upop 
an insigniScant point in sp^ce, and scarcity ^talnin^ 
ih» m» md perfection ai mf smms Worn ve bob 

summoned from the scene, are even now permitted 
to discern thus much in the ecopomy of the creation, 
what, may we not naturally ask, must be the extent of 
cauares iaad eflEbbts hitherto ^nkaowll and undiscovered ; 
but preserved, as it were, to awaken the industry, and 
reward the toils of future inquirers, and partly des- 
tiliod, pei^bsqis, to be anfoided when the fattmanrace 
dull have ris^n in the system of being, to some ua- 
JfUiOwn poivt of moral and iD4;eIlectttal perfection ? 

BvA, incec^ajit «s these changes that surround us 
jare, ik^ ^ichibit Mture md her operations in a state 
of seeming inertness and repose, compared widi the 
jsudden and terrible devastation of the earthquake 
•luad Ydk:ano — to tbe consideration d£ which the pro- 
f cess .of onr siib}e(^ bow brings as. 



ioqui|ry, ^ partipular deocnptiops and d^tll,il^ 
IBust necessarily be avoided, ^§ i^cq}fx^^i]Ae -wi^ 
our present objept; 30 t}iat I sj^aljl endeavour* 
from the bistpry of eartbqi^sjfes i^nd volpanoei^ 
to select, ill tbe ^rst plac^, # /suecinct account 
of tl^ir concomitant phenomena; we shqil thefi 
attend tp the changes which t}|ey effect in tb^ 
country or str^t^ which th^y invade ; and thence, 
by a reference to the know^ physical and chemical 
habitpdes and powers of bodies^ we may endeavenr 
to trace the egent/s cpncepiied in their production, and 
thji^s 4rnv<e a^ their fiqal canse. 

That the most active chemical powers of matter ace 
called into aption in certain strata of the earth, is 
demonsti^ted by the freqqent occur rence of hpt springs 
of wat^ thrown np from below, of a temperature 
greatly above die mean heat of the earth, and not un« 
commonly approaching, or even attaining, its boiling 
poini;. Hot springs are not uncommon in most parts 
of the world wheiie volcanoes are unknown { but in 
their neighbourhood, and in volcanic districts, gene«- 
raUy, they are common and abundant; and some- 
times, as in the iGreysers of Iceland, jet^ of boiling 
water aie thrown up, with explosions and concussions 
of the earth. Bat althou^ we have these gradations 
in the temperature of springs, and though in one case 
the i^enomena approximate to, and in anoAer recede 
ftam, fliosa of volcanoes, ws are prot>ably to kok to 



one and 4he fiame ^ense for the piodaetioo of tbo^^ 
modified eflfects. Now, there are numeroa& soIh 
ataaces, of whicli even the slow aad gradual chemical 
action is attended by increase of temperature, and 
whteh» Under certain circumstance6» may become the 
source of most intense heat ; and these, in the contact 
of water percolating the strata, wonld amply account 
for its elevated temperature : here, however, the purity 
of the water renders such an explanation inadmissible ; 
and it has been supposed that water, thus originally 
heated) sends forth its vapours through the crevices of 
the rocks, and that the steam thus generated is con* 
densed by and communicates heat to some pure and 
distant subterranean stream. Such at least is the oaly 
plausible theory of thermal springs ; and the altematiog 
jets, explosions, and concussions, that sometimes 
ajttend them, and that more especially characterize 
the boiling fountains of Iceland, have been referred 
to the escape of steam under compression, and to the 
mechanical impulse of its condensation, upon the 
water, which is well known to produce a pecoliac 
cracking noise and explosion even upon a small scale* 
The waters of the Geysers, however, are far from 
pure; and, unlike those of Bath, Bristol, Buxlon, 
and Matlock, in this country, they contain a large 
quantity of siliceous earth in solution, which they 
deposit in the form of an incrustation or tufa, u{)on 
the surrounding basin ; and some of the springs are 
conjtamiMted by other substances, which are mecha^ 



^iffly suiq^nded in tJhem, n&et dMui bkemicaUy 

In* the phenomena that attend eartliqaakes we have 
yet more decided evidence of the existence of subN 
terranfean fire and heat ; and it wil not be difficult to 
trace oat Aeir connexion with volcanoes^ and' their 
probable dependance upon one and the i^ame cause;' 

Upon the* atmospheric phenomena that are said to 
precede earthquakes, much dependance cann<rt be 
placed; and a low barometer, a very dry season, an 
electrical atmosphere, thunder-storms, and aurone 
boieales, may, or may not, precede and attend an 
eavthquake — ^they are, at all events, very uncertain 
precursors. The serenity of the air immediately ant&* 
cedent to the shock, the agitation of the ocean, and 
the disturbance of springs and fountains, are also 
very equivocal symptoms. In short, the only un- 
varying attendants upon the convulsion are those 
immediately dq>endant upon the chemically-acting 
substances, explosions and noises, attended by con* 
eussion more or less violent, by rifts and ruptures of 
the strata, by the occasional emission of hot air or 
even of flame, and by sulphureous and other fumes 
dependent upon the combustion of various bodies, to 
which the cause of the other symptoms is to be re» 
ferred.. 

The noise that attends an earthquake is very dif« 
ferently described ; sometimes it is like the rumbling 
of distant thunder, or the blowing of a violMt wind ^ 
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a r^ttlipg l|lffi th%t <^ <[:ar44gfs ^er m UQ^veH pave- 
ment is also commonly heard, and even e^plp^ioo^ 
liift^ thpse of l^gQ pieces of firtillery i then th^ gropnd 
ir^Qil^l^s, pr U^ surface i» braved tq und fro, soisie- 
tin^s in p^ p^rp€|n4ic^li^r apd sometimes in an hoiir 
zoDlal direption* apd gref^t rifts and fissares are formad, 
from wbi(^ water, mud, sqioke, or fire issue, and 
wbipb enlarge into chasms that swallow up the former 
surfcice; largp lakes are semetimes suddenly dried 
up; rivers alter their courses or are lost; the sea 
itself is niso greatly disturbed, and subject to changes 
no less remarkable than those occurring pa land; 
shallows are often formed in deep water ; mountains 
^e even raised from the bottom of the deep, and 
currents of air, smoke, and various gases, and even of 
flame, ai:e seen to issue from t)ie water. 

Among the numerous records of earthquakes, I shall 
select that which destroyed Lisbon in 1755, ^s pon- 
twining an epitome of all the disastrous effiscts and 
CQQComitftnt phenomena of these most awfiil and 
destructive visitations. 

Iq th^ first place, it deserves notice that the ap- 
proach of the great shock was gradual, and that, for 
three or four years antecedent to it, several con6i4er- 
^le tremors of tbe earth had been perceived. On 
the 1st of November, at half-past nine in the morning, 
a rattling noLse, like that of distant thunder, immedi- 
lately preceded several short and quick vibrations, 
^}^ ahocdc the veiy foundatiosa of the city, so that 



matiy houses instantly fbll) tfaere \?as tben a short 
pa\lse, and a swinging mdtion folloi^ed, which laid the 
greatef part of the hotlses in ruiiis^ atid destroyed 
thousands of the inhabttants iti less that! six mlildtes< 
The bed of the Tagti^ Wfts in toany placefif elevated « 
sfhips were driven from their IftOdrings j atid the pier, 
updti which were several hnndred persons, siirik to aii 
iiflfathoniable depth; The bar ot the ritet Wtts at Oiie 
time quite dry, but §uddetily the sett rolled in^ and 
cofv^ei'^d it with sixty feet df wfiiter* At Cdlares, twenty 
ndiles frdm Lisbon, the earth was alsd agitated aAd 
re»t ttsundei", emitting sinoke ttnd Mine. St. Ubes, 
tweftfy nilles s6uth of Lisbon, was swaltowefd tip, aind 
the sea every where inundated the toast, and threa- 
tened the destruction of Cadi^. At Gibraltar there 
were the same extraoi-dinary ebbings and Sowings df 
the tide ; and there the most violent shock was felt 
about an hour later than At Lisbon, and at about the 
same time as at M&drid, where persons Walking the 
Streets were turned sick and giddy, but Where littld 
other mischief ensued. This same earthquake destroyed 
Algiers ; £(nd a great part of the city of Morocco, near 
which from eight to ten thotlsand people Were en- 
gulphed, and the earth again closing, were seeft no 
Aiore. Various towns upon the African coast of' the 
Mediterraneail also suffered. At Madeira, the shock 
was felt rteariy at the same time as at Lisbon.- The" 
sea rose fifteen feet above high- water matk, and did 
great damage. Over the whole of Eurdpe (fee efifeets 
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of this eftr&qudie were more or less pcrceKfed^aEid 
wlien the violence and extent of the mtdchief at tlte^ 
immediate scene of its action is tonsidered, bad is 
ralher surprised that the damage should not haveex-- 
tended beyond the limits that have been metitioaed. 

We may refer to the various printed accounts of this 
and other earthquakes for further detaiis as to parti* 
culars, the evidence before us being amply sufficient 
to prove that the phenomena are referable to some 
sudden and powerful chemical actions going on at 
great depths below the earth's surface; while the fiame^ 
smoke, and other appearances common to volcanoes, 
show the connexion of the two effects, and lead us to 
refer them to one cause— -the explosions and agitations 
of the earthquake being analogous to those whidi 
might be expected to occur from volcanic eruptions 
wanting vent, and exerting their force upon the solid 
vaulting of the superincumbent strata. 
. But the immediate connexion between earthquakes 
and volcanoes may often be very satisfactorily tncedi. 
Pallas says, that on the 5th September^ 1790, a sub^ 
terraneous rumbling seemed to issue from.theiSea>af 
Azof^ and then^ with an explosicm like that of a pie^o^ 
of ordnance, an island emerged from wat^r thiityi^ 
deep ; it was of a conical form, and ejected mudiiStonfs^ 
sinoke^ and flame, and th^ surrounding countj^ was 
severely shaken at intervals during the day by rep^^ed 
akocks of an earthquake.- . > t { /. 

In January. ain4 June, 1783, IcQboid was swene^ 



agitiated.by earthquakes^ find a dreadfolvqlQf^niQ ^riipn 
Hen buiBt forth in the sea, at its sQUth"!weat.ext9Pemi|^^ 
la Juoe^. 1811» Captain Tillard, on appi^osu9hii»g>thfr 
island of St. Michael, observed, rising in th& horizon, 
twO' or three ccdmnns of smoke, which proved- to mw 
from, a marine volcano, about a mile off .the noi^t^est 
end of the island, whither he proceeded, more neaitly 
to inspect the phenomena* ** Imagine," he says, 
^' an immense body of smoke rising from the sea, the 
sur&ce of which was marked by the silver rippling of 
the waves, occasioned by the slight and steady Itt'eezes 
incidental to those climates in sunomer. In a quies^* 
cent state, it had the appearance of a circular cloudy 
revolving on the water like a horizontal wheel, in 
various and irregular involutions, expanding itself 
gradually on the lee side, when suddenly a column 
of the blackest cinders, ashes, and stones would shoot 
up in the form of a spire, rapidly succeeded by others, 
each? acquiring greater velocity, and breaking into 
various branches resembling a group of pines, these 
again forming themselves into festoons of white 
feathery smoke. During these bursts the most vivid 
jtftshes of lightning continually issued from the densest 
part^f the volcano, and the columns of smoke rolled 
off' in large masses of fleecy clouds, gradually expand^ 
ing themselves before the wind, in a direction nearly 
horizontal, and drawing up a quantity of water-spouts, 
which formed a striking addition to the scene. In 
less than an hour « peak wai^ visible, 'Snad "in tbree 



^SM VOLCANOES. [S^t.XI. 

hours from ihe time of our arriral, the volcano then 
being four hours old, a crater was formed, twetity fiiet 
high, and frofti fbtir to five httndred feet diameter.'' 

The account then goes oil to state^ that the eraj:^- 
tions were attended with a noise Kke the firitig of 
cannon and of musketry intermix.ed, a^ also with 
shocks of earthquakes^ sufficient to throw do^^ a 
large part of the cKtf on which the obsetrelrs stood. 
Ctiptaiti Tillard afterwards visited the volcanic island : 
it was eighty yatds high ; its fcrater, tipon the level bf 
th^ sea, was full of boiling water; it was about a mile 
in eirciimference, composed of porous cinders arid 
niasses of stone; 

This incomplete abstract of Captain TillftM' si paper* 
is i^ufficient for rtiy J)resent purpose, that bf coiinect- 
ihg the jihenomena of boilirig spritig^ and of earth- 
^Ufilkes with those of volcanoes ; and taken in con- 
nexion ^ith thef similar histories to which 1 have ad- 
verted^ and with others tbatafe upon record, but which 
I have not thought it iiecessary to quotfe, see;m to 
show thaft, if ife cdn discover the efficieht cause of 
volcano€!s, that of earthquakes and their concomitants 
may be referi-ed to the same sourccf. I shall thetefore 
liow briefly advert to the history of volcanoes, and 
thence endeavour to trace, tipofti analogical and ex- 
perimental data, the probable causes of their various 
efffects, and the sources of their trfetoefldous powers of 
dfestruction. 

• 

♦ :rtiilosophical Transartions, Ifili 
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Volcanoes are not confined to any district or part 
of our globe, either geographical or geological. The 
Italian territory, and the southern extremity of the 
Mediterranean, present the mdst, awful monuments of 
their devastation. In America, the whole chain of the 
Andes is subject to the most terrible earthquakes, and 
from Cotopaxi to the South Sea^ there are, according 
to Humboldt, more than forty Craters in constant 
activity. Extinct volcanoes are by no means uncom- 
mon, and in the Vicentine territory there are rocks 
graduating from distinct lava into those varieties of 
basalt U3ually called amygdaloid. On the contrary, 
new volcanoes are exceedingly rare, and there are not 
more than two or three instances of these eruptions 
having broken out in new places ; but then we are to 
remember that, as more than two-thirds of the globe 
are covered by water, explosions may take place in the 
depths of the ocean, and may not. produce any observ- 
able effect, tl^ough they are sometimes announced by 
extraordinary perturbations of the waves, high swells, 
and even sometimes a volcanic mountain is thrust 
from the bottom of the sea, as happened, in the iur 
stance that I have already narrated, off the Azores, in 
18U, in water sixty fathoms deep;, indeed the soil 
and aspect of all those fertile islands, as well as of 
many of the West Indian isles, seems to indicate that 
they are of similar origin, and frequently are found to 
consist entirely of coral beds and volcanic formations. 

The truly volcanic countries are remarkably for the 

Q 
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conical form of their hills ; the Bay of Naples fur- 
nishes a fine panoramic view of their general aspect, 
and one of the most prominent of the hills which sur- 
round it was raised, in the year 1538, in a single 
nighty to the height of one thousand feet, and three 
miles in circumference. It may serve as an instance 
of the force and power of the volcanic elements. 

In these countries the singular transmutations of 
surface connected with the history of their formation 
often deserve notice. Near Naples, for instance, the 
Lake of Agnano is evidently the crater of an ancient 
volcano. The cone of the Solfaterra is seen near it^ 
and the Grotta del Cane upon its edge. There is, 
indeed, no country better adapted to illustrate the 
power of volcanic fires than the south of Italy, nor 
have the phenomena connected with them been any- 
where more completely observed or investigated. Of 
the antiquity of Vesuvius, and of the prodigious 
quantity of matter which it has erupted, a good idea 
may be formed from the inspection of the subterranean 
ruins of Pompeii and Herculaneum, both of which 
were buried by an eruption of the mountain, in the 
first century of the Christian era. TKe former city is 
now twelve feet, and the latter about one hundred 
feet below the present surface ; but these cities are 
themselves founded upon beds of lava. Thus we see that 
these tremendous agents have at one time destroyed 
countries of ancient formation, and at another created 
new territories, whose subsequent fertility has, as it 
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were, counterbalanced the desolation that accompanied 
their productions! It need hardly be mentioned that 
the most delightful and celebrated portions of Italy 
have been either formed or modified by the agency of 
fire. The rock of the Capitol, which Roman vanity 
called eternal^ is the tottering edge of a crater. The 
Campagna Felice is the obvious production of suc- 
cessive layas, and owes its exuberant fertility to re- 
peated showers of volcanic ashes. 

Etna and its vicinity also present a magnificent 
and characteristic specimen of a volcanic country; 
and though so frequently destroyed by rivers of red- 
hot lava, and overwhelmed by torrents of fetid mud, 
and showers of sulphureous dust, its neighbourhood is 
covered with the most prolific vegetation and majestic 
forests. The height of this mountain is about ten 
thousand feet, and the ascent from Catania carries 
the traveller through various zones of temperature, 
until he reaches the black forest of firs and pines, 
above which the rugged, barren, snowy precipices 
announce his approach to the summit. The crater of 
this mountain is upon the most magnificent scale. It 
is about two miles in circumference, and bounded by 
black and tottering walls, in many places perpendicu- 
lar, and upwards of fifteen hundred feet in height''^. 

The phenomena of volcanic eruptions of any mag- 
nitude have often been but imperfectly described, be- 

* For a further description of Etna, see voL xix. of the Quarterly 
Journal of Science, First Series. 
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caase the authors who have witnessed them have not 
been guided in their observations by scientific views : 
they feaive generally been overpowered by the tremen- 
dous and extraordinary phenomena that they have 
witnessed, and have rather endeavoured to transfuse 
into the minds of their readers the horrors and devas- 
tation of the scene, than to describe it with that mi- 
nuteness which their opportunities would sometimes 
have afforded. Breislac id one of the most intelligeat 
writers upon this subject, and both he and Sir William 
Hamilton have described the dre&.dfQl eruption of 
Vesuvius which destroyed Torre del Greco, in 1794.' 
As these accounts are well known, I shall merely 
advert to such parts as tend to illustrate the nature of 
the substances^ ejected, and to throw light upoti the 
ultimate point of our inquiry, namely, the cause of 
volcanic fires. 

On the evening of the 15th of June, 1794, after 
the neighbourhood had experienced severdl prelimi- 
nary earthquakes, the base of the crater opened on the 
west, and ejected a torrent of lava, which in six hours 
flowed three miles, and after destroying the town of 
Torre del Greco, ran into the sea, forming, according 
to Sir W. Hamilton, a promontory upwards of twelve 
hundred feet in breadth, and six hundred in length ; 
the lava contained augite and crystals of mica. On 
the 16th, the lava made its escape on the east side 
of 'the crater, and the mouth of the volcano continued 
to eject ashes for four days, which covered the adja- 
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cent country, and bo obscured the atmosphere, Uiat at 
Caserta, which is more than ten miles from Vesuvius, 
they were obliged to use torches at midday, and the 
gloom was only broken by frequent and vivid flashes 
of lightning, which played about the summit of the 
mountaink On the 20th, the ashes ceased to fall, 
and showers of red-hot stones were ejected, ai^com* 
panied by a constant succession of dense vapours; 
and rain mixing with the loose ashes, formed impe* 
tuous and destructive torrents of mud y while carbonic 
acid and nitrogen gases, with small portions of suU 
phurous acid, contaminated the surrounding atmo^ 
sphere, and diffusing themselves over pMicular districts 
of the country, were efqually fatal to animal and vege- 
table life. 

I might quote other cases and other accounts of 
volcanic eruptions, but it would be found that, with 
few exceptions, they agree in their main and principal 
points, — in their preliminary phenomena, in the 
nature and ejectioii of the IsLva, in the explosions of 
hydrogen gas and aqueous vapour, and in the produc- 
tion of mephitic gas ; and such being uniformly the 
results. We may safely refer to them for a clue to the 
phenomena. 

One of the earliest hypotheses to account for vol- 
canic eruptions is, that which attributes them to the 
eructations of a perpetual central fire, to whicfa» 
however, the nature of the lava, the method of its 
projection, and, above all, the known laws of the 
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communication of heat, are insurmountably opposed^ 
The sudden evolution of steam has also frequently been 
resorted to ; indeed the power of this agent did not 
escape the genius of the ancients, for Lucretius, in his 
description of Etna, clearly ascribes the phenomena to 
its effects. They have also been referred to the igni- 
tion of beds of coal, and Werner supposed that the fire 
thus produced fused the circumjacent rocks, and formed 
lava. Others have called sulphur, pyrites, petroleum, 
and bitumen to their aid, but have sought in vain for 
the necessary supply of oxygen, without which these 
combustibles could not perform their required part ; 
and, indeed, if we grant an unlimited supply of that 
element, the projectile force, the vapour, still remains 
to be accounted for. Others have imagined a great 
depdt of electric matter, pent up in certain submarine 
and subterranean caverns, and occasionally sallying 
forth to fuse and blow up the surrounding materials. 

It appears to me that, among the most plausible 
theories of volcanoes, is that suggested by Sir H. 
Davy, soon after he had discovered the nature of the 
earthy and alkaline bodies. Indeed, it enables us, 
in most cases, upon just principles of sound analogy, 
to explain their origin ; for lava consists of earthy and 
alkaline bodies ejected in intense ignition, and it is 
associated with vapour, with explosions of hydrogen 
gas, with the production of nitrogen, and, in 4short, 
there is every concomitant circumstance to lead to the 
conclusion, that there exist, in the bowels of the earth. 
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masses of those highly inlBiaminable metallic bodies 
constituting the bases of the earths and alkalies, and 
these and water are essential requisites for the pro- 
duction of the phenomena that precede, accompany, 
and follow the eruption of volcanoes ;■ they may be 
referred to as accounting for the earthquakes, the ex- 
plosions, and the gaseous products ; and they are the 
only agents with which we are acquainted, capable of 
fulfilling all the requisites. How or where these bodies 
exist, at what depths, in what quantity, and how ac- 

• 

cessible to water, are questions that we cannot solve, 
and which, therefore, I shall not discuss, more espe- 
cially as they are not necessarily connected with the 
main question before us, which merely requires their 
existence, and the presence of water; and it is curious 
that water is always found connected with volcanoes. 
Vesuvius, Etna, and Hecla are upon tfie verge of the 
sea ; and in the vicinity of the burning mountains of 
the Cordilleras there are lakes ; and it has been ob- 
served that springs and lakes suddenly dry up previous 
to the active eruption of a volcano*. 

I have before adverted to the analogy that subsists 
between basalt and lava, and have endeavoured to 
show, that the appearances of the rocks and strata 
that are invaded by basaltic veins accord, in some 

* A very different hypothesis upon the subject of volcanoes has been 
publishedi since the above was written, by Mr. Scrope, to which the 
reader is referred. 
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respects, with the igneous theory of their prigin. I 
have abo noticed some singular facts connected mih 
granitic and porphyritic veins, and have traced analo- 
gies which may serve as theoretical links to connect 
them with the basaltic formations. How: &r, then, are 
we able to trace a resemblance between these products 
and their effects^ with tbose of ordinary and now 
extinct volcanoes ? Although it must be allowed that, 
amoQg modern lavas, we have nothing strictly like 
that crystalline aggregate pf qjuartz, felspar, and mica, 
which we call granite, we havie among them substances 
so closely resembling certain basaltic rocks, that it is 
difficult either chemically or mineralogically to distin- 
guish between them ; and in lava, crystals of mica 
are sometimes found, not accidentally blended with, 
but actually formed in it, and of substances differing 
rather in form than in composition from feldspar. Is 
it possible, therefore, that certain appearances exhi- 
bited by the strata of our globe, not referable to 
aqueous detritus, and evidently, indeed, unconnected 
with any probable agency of water, may have arisen 
from the more superficial existence of those inflam- 
mable metallic bodies; that their combustion and 
fusion may have left behind them those equivocal 
rocks ; and that the limited duration and non-recur- 
rence of such phenomena may be ascribed to the de- 
struction of the agents which have produced them, 
and to the non-existence of those substances near the 
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surface, which the phenomena of volcanoes induce us 
to believe are still, though probably sparingly, dissemi- 
tiated in particular sitiiations P 

It isy however, unnecessary that I should here re^ 
capitulate the Plutonian and Neptunian ' evidence. 
The former, as modified by Dr. Hutton and his com- 
mentators, is that which most plausibly accounts for 
the phenomena, is least at variance with facts, is least 
hypothetical, oxtd best entitled to the appellation of a 
theory of the earth ; at the same time, I do not wish 
to be deemed assentient to every clause even of this 
portion of the Huttonian doctrines. Theorists always 
fly to extremes ; and he that would profit by their 
opinions, must submit them to the balance, reject 
those that are light, and often recoin the others. 
" God forbid (says a celebrated writer) that man, 
whose teacher is the whole circle of nature, should 
be regarded as a mere lump of wax, upon which any 
Professor may stamp at pleasure his own conceited 
image." 

It appears then that the terrestrial changes going on 
around us, both rapid and gradual, are subservient to 
the most beneficial effects, and that by operations ap- 
parently destructive, nature renovates her powers: from 
the decay of animated beings we deduce similar conclu- 
sions, and in inanimate nature, we now read the same 
great and exalted truths ; we learn that the Author of 
nature has not given laws to the universe, which, like 

R 
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the tBstittttions of men, carry in themselves the ele- 
ments of their own destrudiofij but that His works are 
preserved in unchangeable perfection, and as it were 
in eternal youth. If tb^ne be any part of natural 
knowledge calculated to awaken in us the most pro- 
found sense of the exceUenCe aad perfection of Na- 
ture's works, it is surely in the subjects that have now 
been before us. That person is little to be envied 
who, beholding the immensity of the universe, and 
marking the majestic simplicity by which its opera- 
tion9 are conducted, does not feel awakened to a 
liigher species of being, and admitted into nearer in- 
tercourse with the Author of nature. In short, it is 
impossible to pursue knowledge without mingling 
with it the be^ sentiments of devotion , or to perceive 
the laws of Nature without at the same time discern- 
ing the hand of the Lawgiver. Thus, in every age and 
country, *' the evidences of religion have advanced 
with the progress of true philosophy ; and science, 
while she raises a monument to herself, at the same 
time erects an altar to the Peity.'^ 
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